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I  lie  dnl  irs  ol  ihe  Nalioii.il  Delelisi  .  Reseait  h  Commii  it  e 
weie  ,lj  |n  i  ft 1  iliiineiid  lo  die  l>iie<lot  n|  <  JS  l<  I )  suitable 
ploje<  In  and  leseaii  li  pi  Dip  an  is  on  the  i  list  run  lent.dil  ies  <  d 
wadaiv.  logeihei  uiili  (oihi.ki  latiliiies  ini  tanviug  om 
these  pi  o  jet  Is  and  pi  ogiatns.  and  t'Ji  lo  adniin  Islei  I  In  let  li 
Dual  and  st  i<  mi  in  uoik  ol  ilu  toun.it  is.  .Mole  spei  ilitallv . 
M)RC  luinti<»iied  lo  iuiliaiin^  leseaith  piojetls  on  n 
tpiesls  1 1  on i  i lie  \ i  ni\  ol  lilt  N.i  \  v .  m  on  i  etpiesis  1 1  om  an 
allied  govrl  niueni  lialisinilletl  till «>n<^l i  lie  I  iaisoii  ( )llu  e 
ol  OSR  I >,  ol  t»n  ils  ou  n  t  oils  up  i  ed  inin.il  i\  e  as  a  i  t-suli  ol 
I  lie*  exponent e  til  ils  memlieis.  Piopos.ih  piepaietl  l»\  die 
Division.  Panel.  in  (.ommitiee  Idi  i  (wealth  innti.ii  is  loi 
pei  io)  mam  t-  ol  die  woik  involved  in  mx)i  piojetls  twit 
hist  ret  ie  wet  I  l>\  X  DRC,  and  il  :>ppio\  etl.  let  t  mime  in  let  I  io 
die  I  )iit  <  lot  of  OSR  | ).  I  poo  appiov a |  ol  a  pi oposai  I »\  i he 
I  Jiret  loi .  a  t  ni  urn  r  pel  mil  I  ri  114  maximum  fiesihiliiv  ol 
seieniilit  elhnl  was  ananged.  I  lie  business  aspetls  til  die 
(oiiliati.  im  hiding  sue  h  inaMeis  as  maleiijls.  <  It ai ant  es. 
\  out  lit'  1  s.  pa  I  tills,  piioi  il  its.  Icg.i  1  huh  lets,  a  in  I  atlui  inist!  a- 
f  i'H  1  of  palriil  inalieis  welt-  handled  |,\  {|,e  |-  xet.ulivr  Set 
telai )  ol  ( )SR  I ). 

Oliginallv  \DR(.  atluim  islei  ed  ils  ivoi  k  ifnougli  live 
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NDIUI  FOR  I' WORD 


AKVKMs  of  flu-  \raisple'.  rdilll;  ID  10  IfV filled  IMOlV 
iiliti  more  clearh  the  scimuimk^  oS  the  world 
situation.  mam  scientists  in  iliis  nmnirv  <;une  m 
realize  die  need  of  organizing  scientific  rciciirdi  loi 
serene  in  a  national  emergent).  Recommendations 
which  thi'\  made  to  tin*  While  1  louse  were  \ cn  c  are 
lul  and  sympathetic  anenlion,  and  as  a  resuli  tin 
National  Delcnsc  Research  Cornniiuce  jNDROJ  was 
formed  In  K\ecuiive  Order  ol  tile  {’resident  in  the 
Minmicr  ol  ID  HI.  f  lic  members  of  N  DR( appointed 
hv  the  President,  were  instructed  to  supplement  the 
work  ol  the  Anm  and  the  \avv  in  the  development 
ol  the  instrumentalities  ol  war.  A  seat  later,  upon  the 
esiahiishment  ol.  the  Of  In  e  <  >1  Sc  ieiit  ifi(  Resea  i  ill  and 
l)e\ elopmeilt  |OSRI)|,  NDR.(!  betaine  one  ol  .is 
units. 

1  he  Suiiiinai}  lechniial  Report  ol  N1)R(  is  a 
<  oust  ient  ions  elhr  t  on  the  part  ol  NDRCl  so  <itin 
mari/e  and  evaluate  its  wmk  and  to  pusenl  it  in  a 
nseltd  and  petmaucni  lot  in.  It  <  ompi  ises  some  six 
cnt\  volumes  broken  into  gioups  < ni  responding  to 
the  \I)R(!  Divisions.  Panels,  and  ( .onintiitees. 

I  he  .Suminai  \  I  e<  hnical  Repot  i  ol  eat  h  l)i\  isjon. 
Panel,  ol  (  amnniliee  is  an  iniegl.d  sin  vc  v  ol  the  wm  k 
of  (hat  gi  oup.  I  he  (u  si  \  oliime  ol  e,ic  i i  gi  t  mp‘\  u  pm  t 
i  on  tail  is  a  su.mmaiv  ol  the  icpoii,  slating  the  pioh 
lems  ptesented  and  the  philosophv  of  attai  kill « *  tliem 
and  Minimal  izing  the  Jesuits  of  the  km  ;n<  )i.  develop 
meiii.  and  u  aining  ai  t  iv  ities  uudei  taken.  V»me  vol 
nines  mav  be  state  ol  ilte  art"  tie.iiises  mvci 
sitbjei  is  1 1 »  wli  i<  1 1  v  arioiis  M-seai  i  h  gi  mips  have  ion 
tiibnled  inloi  matiou.  Othcis  max  contain  des<  i  ip 
lions  ol  devices  developed  in  the  la  Ixn  a  l  oi  les.  \ 
masiei  inde\  oi  all  these  div  isioual.  panel,  ami  i  om 
millee  lepotls  whii  h  logethei  eouslilule  the  Sum 
mat}  I  ethnical  Repot  I  oi  NDRC  is  contained  in  a 
sepai ate  volume,  which  also  ini  hides  tin  inde\  ol 
a  miciolilm  iccord  ol  peilinenl  teiliniial  labmatorv 
repot  L»  and  leleieme  material. 

Some  ol  the  \ I )R(  1-sponsoied  usearches  wbicii 
had  been  dec  lassi  hed  In  t  be  end  ol  I D  la  wei  e  ol  mi  ill 
<  lent  popnl  n  ioteiesl  that  it  was  found  ciesii  able  to 
repot  t  them  in  *  lie*  form  ol  monograph>.  sui  h  as  the 
set  its  on  i  ad  at  by  !  )i  \  ision  l  I  and  t  iie  mount*  i  a  pit  on 
sain  pi  ini'  inspection  In  the  Applied  Mathematics 
Panel.  Since:  the  mile;  ial  treaifd  in  them  is  not  dupli 


call'd  in  (he  Sumiuaiv  Technical  Report  ol  NJ)k(l. 
(lie  monographs  are  an  imporiant  pari  ol  the  story  of 
t  hc.se  aspei  Is  ol  X I  )R  C  resea rt  h. 

Ini  omrast  to  the  inlormat  ion  on  ratlai ,  which  is  ol 
widespre  ad  interest  and  mm  h  ol  whic  b  is  released  Jo 
die  public .  die  research  on  stibsitrlace  warlarc  is 
laigelv  <  lassi  hed  and  is  ol  gent  ral  inti  rest  io  a  more 
lest i  it  led  group.  As  a  consequence,  ‘he  report  ol 
Division  b  is  loiind  almost  eiiliiclv  in  its  .Suiinnarv 
fee  finical  Report,  wliich  rims  to  over  twenty  vol 
nines.  !  he  extent  ol  tlu  woik  ol  a  Division  cannot 
iliei  elore  iie  judged  sold}  I)'  the  number  ol  volumes 
devoted  to  ii  in  die  Siiunnaiv  i  eclmital  Report  ol 
XDR(!:  account  must  be  taken  ol  die  monographs 
and  available  reports  published  elsewhere. 

Any  great  ( onpvi  dive  endeavor  must  stand  or  fall 
with  die  will  and  integrity  ol  the  met!  engaged  in  it. 

I  his  hie  t  held  true  lor  NI)R(i  front  its  inception,  and 
loi  Division  b  under  die  leadership  ol  Dr.  John  T. 
l  ate.  To  I  h\  I  ate  and  the  men  who  worked  with  him 
some  as  mem  hi  i  s  ol  f  )iv  ision  li,  some  as  represent  a 
lives  of  the  Division’s  tontraeinrs  belongs  die  sin- 
i  cm  e  giat  it  tide  ol  the  Nation  for  a  d  if  lie  nil  and  olien 
naiigeloits  job  well  done.  I  lieii  ellorts  contributed 
significant!)  to  die  otiKoine  ol  out  naval  operations 
liming  die  wai  and  i  i<  Id  v  d<  served  i  he  warm  response 
tbev  received  f i om  tJie*  Navv.  In  addition,  their  eon 
n  .'.but  ions  to  (be  knowledge  of  the  mean  and  to  the 
an  ol  <>i  eanogi aphic  leseaich  will  assuredly  speed 
peacetime  investigations  in  this  field  and  bring  rich 
hour  Ins  i o  all  mankind. 

file  Nummaiv  lechniial  Report  ol  Division  b, 
prepared  undei  die  direction  of  the  Division  Chief 
and  authorised  bv  him  lor  public  alion.  not  onlv  ptv- 
sems  the  methods  and  results  ol  widelv  varied  ro¬ 
se  are  h  and  dev  elopmeilt  programs  but  is  essentially  a 
rec  oi  <1  ol  t  he  mist  in  ted  loval  c  nope -rat  ion  ol  able  men 
linked  in  a  <  t  million  effort  to  e  on  tribute  to  the  defense 
ol  then  Nation.  To  them  all  we  estencl  om  deep 
.ipptei  ial  ion. 

V.vnm  v.vu  lb  si i .  Director 
Offu  r  o!  St  irntifu  lit  scan  h  and  Drvrlojjmml 

).  I>.  ( io.N  \\  i .  ( Ihainnan 

Xational  lh‘lrH\r  Ft'srnuh  i'.onnniffrc 
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FOREWORD 


rpiiis  ri- tort,  conMitin in«  Volume  in  the  l>ivi- 

I  siou  I)  Summary  IVrtiiiiiaJ  Report  series,  pi  t - 
sen  Is  a  infilled  summary  ol  the  events  and  problems  of 
antisubmarine  warlnre.  and  illustrate  s  how  st  icn t i li< 
evaluut  ion  o!  naval  operations  mjLf\  be  a«  tomphshed. 
The  rrpori  was  ptepared  hv  the  Operations  Evalua 
I  ion  Croup  |OFG),  (oi  iiutK  die  ( )pei  at  inns  Rest  art  h 
Croup  [ORC|,  in  the  I  leadtpiai  lets  ol  the  Com* 
mandcr-in-CIiiel.  l\  S.  Xavy. 

This  t'l'onp  of  civilian  .scientists,  inailu  mat  it  ians. 
and  siai isi irians  was established  early  in  I!)  l!i  to  lunr 
lion  tinder  I  he  supers  ision  of  the  Atlantic  Fleet  anti- 
submarine  warkire  officer.  Captain  (later  Rear  Ad 
ininh  \\’  It  Rnker 

When  Capiain  baker  recpiestetl  the  lonnation  of 
the  Croup,  he  stated  that  the  antisubmarine  wai  fare 
unit.,  as  then  < (instituted,  was  not  in  a  position  to 
evaluate  properly:  (I)  the  pmbahle  ellec  t  ivem  ss  of 
snj»i*e.sied  new  weapons;  (!>)  developments  and  proce- 
d u res  based  upon  mathematic al  studies  and  other 
available  records. 

Captain  Baker  defined  what  was  desired  and  in¬ 
tended  by  <|iiuiiii£  front  a  RAF  Coastal  Command 
iiieinoiandmn  on  (he  subjec  t,  as  follows: 

I  \|ici  iern  c  <eri  num  •  uts  < >1  our  \\;u  elluM  li.is  shown 
th. it  sur  li  .uiiilvsiN  can  Ire  of  the  inmost  v.iltir.  ,iti<i  the  l.id  ol 
Mil  i i  .mal\'*s  i  .lit  Ih*  ilis.lsl i « it i  \.  I'lohalih  ihr  m.iin  ir.ison  w  1 1 \ 
this  is  so.  is  that  \<‘i\  num  w.h  o|>ri.niotis  m\o|\<  loiisi'lri.i 
lions  v\  It  It  v  hit  h  s<  n:n  lists  .tic  spec  i.tlh  u.iincit  io  i  om|M-u*  .tmi 
in  vdiie  Ii  mm  v  in*;  ollucis  .tic  in  ••mri  il  not  n .lined.  I  his  is  r\|»c 
(ialh  the  r  ,iy  v.illi  ,i!l  Miosc  .ispccis  <>|  ojwi  -H  i«*j|  is  inio  uhiilt 
pioli.ihilil  v  i  oiisiilci  .il  ions-  .mil  I  he  clicin  \  ol  ri  mi «  cu  i  ri .  Sri  \  • 
iilR  (’•Ifucis  ol  the  li ij*  I  ii'si  i .1  liliri  .tie  nncss.uilx  cni|>loxc<l  in 
iuipoii.iiil  cseiuiixc  posts,  and  arc  1  lii'iclmc.  iioi  avail. ililc  for 
Ji-inilul  an. tlviit  ivoi k. 

\s  to  the  l\pr  ol  peisounel  l  repu  t  ed  to  stall  these 
opeiations.  (.aptain  Baket  tjuoted  liom  the  same 
irieuioi  aiKiuin: 

.\  lonvidei -tide  tun  lion  ol  ihc  shill  of  .m  opcial  ionat  n- 
scan  fi  section  should  lie^nl  lire  \n\  )iii*hrs(  M.iiitliii;;  in  science, 
amf  iiions  ol  (hem  should  he  drawn  liom  those  who  have  had 
cspci  iem e  ;•!  die  Voice*  leclniical  I’.sfaldishinciits.  Oilicis 
sh'iiilcl  he*  chosen  loi  analvtic  ahililv.  r.g..  j*cfl«;'d  inaihcinati- 
ciaiis.  |aw\cis.  chess  players,  etc.  An  OKS  which  coiilcnls  iisc'll 
with  (l;c  routine  production  of  siaiislical  i  epor  ts  and  !iai  rai  i\cs 
will  he  ol  \cis  limited  value.  Mie  adnosptieie  lecpiiied  is  that 
oi  a  first  <  lass  jniie  sc  ieriiitic  lesearc  b  inM  iniliori.  Mid  t  lie  (  alihei 


of  fhe  pci  soi  me  I  should  mulch  this.  All  nirmbcis  of  an  ORS 
should  spend  part  ol  (heir  lime  ,n  operational  stations  in  close 
much  with  the*  flxinj*  pei.snnne!.  and  where  possible,  should  cm - 
casU/tiaiU  j«f»  on  opi-i ;u ion;;!  ni  minimi'  flights. 

I  fiiti  I  he  project  should  be  undertaken  and  the 
proposed  Kinon  i-vi;, I>1  isJi<k(l  in  the  Xavy  was  never 
ijitcM  ioned.  The  experience  ol  the  British  and  of 
larj*r  Amrric  an  industries  in  cin  xinj*  oil  very  similar 
c ip( >i  :i t  ii ii i:i |  :iii:i|vses  made  certain  that  a  suitably 
stalled ,141  < > 1 1 1 >  4 « it  1 1  c I  be  very  cllcctive.  "I "lif  project  was 
assigned  in  Set  lion  C  l.  NDRC,  and  under  its  eon 
Iran  wiili  Col  militia  t '  uisersity,  a  .stall"  was  ret  mi  led. 

I’rolessor  P.  M.  \lmse,  ol  the  Massachusetts  Insti¬ 
tute  o!  Jctlmologs,  lirctme  project  supervisor,  and 
I  >1 .  William  Shot  kies  was  granted  a  leave  ol  absence 
Irotn  the  Hell  Telephone  I  .aboratorics  to  act  asdircc- 
toi  ol  research. 

Ihc  operations  performed  by  the  ASW'ORG 
closely  lollowed  Gaplaiu  Baker's  conception  of  how 
the  gtoup  <  on  Id  assist,  the  Xavy,  Also,  Piolessor  .Morse 
was  able  to  re<  mil  personnel  with  tpialilical ions  set  s 
similar  lot  hose  spec  tiled  bs  Gaplaiu  Baker.  ( )rgau  i/a- 
tional  changes  liner  o< (  lined  in  both  O.SRlj  and  tile 
\as  s,  hut  these  did  not  alter  the  Group's  objectives. 

In  ths  X'ass.  the  Group  was  It  aii.slerred  front  At- 
I ;t 1 1 1  i <  Meet  antisubmarine  wail, ue  to  (he  Tenth 
Heel  and  ill  OSRI)  the  Group  was  lianslcrred  Iron) 
the  stipet  vision  ol  l)is  ision  (i  to  the  Ollitc  of  Field 
Sc)  S  i<  i  s. 

I  lie  1 ) i s  ision  wishes  to  thank  Prolessor  Morse  and 
his  stall  lor  writing  this  report.  .Since  it  is  largely  his- 
loin.tl  in  nature,  it  piovidcs  a  background  lor  posl- 
svat  <le<  isions. 

it  is  impossible  to  name  the  long  I isL  ol  X'avv  olli- 
c  et  s  and  some  Anns  ofliect  s  who  gave  support  to  the 
wot  k  ol  the  Operations  .Research  Group  and  svho 
shale  i  red  it  lor  its  perlot  tntmte.  The  full  list  would 
intitule  many  olluers  al  operational  bases  and  sta¬ 
tions.  However,  special  at  knowledgetnent  should  he 
made  ol  the  toopi  r.uimi  and  assistance  received  from 
\dmiral  \\".  I).  B.tker.  Admiral  !■’.  S.  I,(>w,  Ghief  of 
Stall.  I  enili  M.  i-t  ol  the  If  ,S.  X'as  s  tint!  Irotn  (he 
lit  it  isii  groups. 

John  T.  T.vn-. 

( Mi  iff,  1  )i  vision  (> 
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Thm  rotuxae  or.  xmisubtzutriae  warfare  [A3W]  rep¬ 
reseats  a  compromise  between  two  major  aim*.  to 
produce  i  unified  wtnwrary  of  the  events  sad  prob¬ 
lems  of  the  antisubmarine  wur  ext  the  one  bsad.  and 
to  ilhittraie  the  scieatrtk  evaluation  of  navi]  opera¬ 
tion*  on  the  other.  The  approach  a  nmdamer.udly 
historical  on  both  acrouno,  however,  dace  the  ilics- 
tratism  of  scientific  evJtJ«mx>h  arc  liim  from  vari¬ 
ola  analyse*  and  studies  made  in  coanecticri  with 
atignairiat  wnrfsre  during  World  Wsr  II.  0 rest 
care  tbould  therefore  be  exercised  in  malting  predic- 
taco*  cowcemittg  the  future  of  AhW  from  it.  There  it 
no  guarantee  that  the  antisubmarine  meanim  sue- 
ce**fu!  io  the  past  will  continue  to  be  adequate  in  :be 
future. 

A  dear  understanding  of  the  cveuu  of  World  Wn 
II,  their  reasons  and  cooseouraces,  is  necessary,  how¬ 
ever.  as  background  for  acy  decisions  which  are  to  be 
made  in  the  postwar  period.  !i  U  hoped  that  this  vol¬ 
ume  may  serve  to  not  extent  as  a  convenient  refer¬ 
ence  and  source  of  factual  material.  One  overall  coa 
dusks  a  dearly  evident  from  it:  the  introduction  of 
new  weapon*,  gear,  and  tanks  ha*  kd  us  a  continual 
interplay  of  measures  ana  countermeasures  in  wftkh 
no  other  cocchisscn  retains  its  validity  for  very  ionj 
If  this  lesson  aloor  is  learned  from  it,  the  volume  will 
have  served  a  useful  purpose. 

The  general  orgaoixatko.  cocrcspor.ds  closely  to 
tb<  dual  aim  described  above,  with  ivo  parts  quite 
different  in  character.  Pan  ibt  Liscotkx!  sutma-y 
of  the  prerpros  of  enemy  submarine  operations  ar.d 
Allied  aausubmaxiae  operadocw  during  World  "War 
II.  No  attnnpr  ha/,  been  nude,  however,  w>  grw  a 
campiesc  duxmoiogy  of  *1!  events.  The  point  oi  view 
is  suustka*.  and  every  eftort  ■$  made  to  desenoe  the 
propea*  of  Wocid  Vf  sr  II  in  quautiuuve  ar-d  oejee- 
tr*e  term.  The  data  are  interpreted  in  terms  of  the 
tvg-jjaagisg;  tactical  and  strat.-giral  skua  tier-  Ac- 
cordicgly,  the  historical  .-umoary  h  divided  into 
seven  chronekgjcjl  period*,  a*  indicated  iu  uk 
Table  of  Contest*.  This  division  is  necessary  because 
of  the  radical  change*  in  the  nature  of  the  U-boat  war 
A*  to  chances  in  U-boat  tactics  and  the  introduction 
of  new  wrapons  and  coontertneaMrex 
The  period*  were  chosen  fa*  such  &  way  that  U-boat 
strategy  and  tactics  were  fcirly  homogeneous  In  each. 

The  XaCi  O*  UMJfTutui  U-wGm*  "ClTlcd  ■  ■  iAr- 


xbly,  however,  from  the  typical  chsracur.jtk*  *Aticr. 
were  coaunoa  to  the  operation*  of  most  of  nw 
U-boats  donag  the  periods  in  question,  ir  ojj  tkuiar 
die  ditkksei  points  between  periods  are  rorrvn.  -v*t  i.r 
oennne  and  represent  ibeaporoxirutr  dates ,v  ,'h*d\ 
a  ituiontyof  the  U-fccwts  had  made  a  ma;«w  'isatige  iu 
their  methods  of  operation. 

l  ie  data  lor  a  given  pestoc  are  further  divided 
•nio  three  main  section*. 

!  A  rHronolomca)  narrative  of  the  moti  imports;*.', 
activities  and  acccmplhhnjents  oi  the  U-boau  and 
Allied  antisubmarine  tora-s. 

2.  A  mete  detailed  account  of  roc  main  Aihec 
coumenaeMure*  to  the  U-boats,  subdt.ided  min 
i.  Conroy: 

:>.  Akcidt 

c  bcientifk  and  technical 
0.  SinLicgsot  U-boats. 

S.  A  survey  of  the  result*  achieved  during  the 
period,  from  both  the  U-boau'  uid  the  AJtiei’  point 
of  view.  This  section  attempts  to  explain  the  rtarotu 
!x  the  new  tactic  which  characterize  the  nev  period. 

Part  U  of  the  volume  U  a  inert  deutkd  a-ulvsi*  of 
oertiia  o*  the  major  problem*  of  aSW,  in  parlkuiar 
thoae  which  were  (he  subject  ol  operations  retevreh 
studies.  The  cutpoaou  it  or.  die  e>tiu«t<\ir.  cf  tsetks 
sx- d  materiel  both  by  theoretical  analytic*  aihI  bv  «j>-- 
cul  itv-dies  c-i  operations:  <iau.  Although  the  pn.v 
:ipiet  oi  ASW  derived  .rom  suri.  evaluacicr.  arc 
i  tritely  applicaoie  only  tt>  trv  uatadon  which  ob- 
tacsed  dating  World  "War  II,  the  method:  ol  r.aius- 
uon  are  ol  more  s^ncrtl  interest. 

Toe  U-boat  war  spread  owe  ill  the  ocean*  o:  the 
worid,  but  the  main  battle  was  fought  the  Atlir.hr . 
Conaecju-utry  U  boat  sesn  ity  m  ocher  rrgioo*  ’its  no 
been  duemsed  as  completely' a*  the  Battse  of  the  At 
la>.tk.  A  standard  luW.vuioft  it'o  areas,  which  -ha; 
beer,  oted  -Jsrc  o*v »v  i »  •  g fv y»  Js  wiyw»i  *  n  f  v^ «  *<_ 

piece. 

l"here  are,  ha  fact,  many  anpecU  of  the  war  which 
are  oeoiued  from  the  dsicuaiot..  Tbc  operation*  o' 
cii egtt  submarines  and  srta.'i  hank-  craft  arc  j-riw 
ally  excluded,  »incc  they  are  r,o .  toruidemi 
The  importance  of  the  training  cf  pe»sno:wi  cik  de 
veiopEsctsxs  cloag  this  line  are  not  tcnsklrrcx!.  'Ibe 
activities  cf  Na»al  lr.tdhgvT.ee  in  ob-ltinln^  inform; 
titic*  upcti  which  opcratrc«M,  arc  pltwa.1  c. ;  so.  dr 
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scribed  in  any  detail.  The  indirect  e  Sects  ot  {acton 
-“di  SS  Jw  5 tCj *C  buiUbu^  Ja^  w^ciy  uc^kiinl  Tuc 
net  result  is  to  limit  the  discuaaioa  fairly  closely  to 
Navy  antwibatanne  opaaiioas.  though  SLoyai  Aar 
Force  Coauai  Cooua&oc  aircraft  and  these  cf  the 
Utuiad  States  Artsy  Air  forces  a re  iadudad  v«u  if- 
>-'tg  anusuoparjae  miavonc.  The  dixlnrAoc  is  not  a 
hard  anti  last  tine. 

The  sources  o£  taairdal  u*xi  arc  »  widely  jau'eed 
inrocgfl  cortrsponccuc:  and  iniartii!  taesnitranthi 
that  it  ass  not  been  practical  to  qoots  refemvaj  to 
theta. 


1*:  llCiClt*  'T;. 

uUaKiOaji  M'J,  iliiOiiaal  iuouut,  a«:v  :v,'r 

oral  ctievcrattuxit  50  to  make  up  the  h-ecigrc -ice!  rf 
till*  vchuevc.  One  ot  :t*  caiel  aims  i.-err.  -j  jc 
dawn,  in  writing  a  fair  usnp.'c  ot  this  store  of  east wi: 
whose  previous  tuvtut  verged  on  that  cl  -oixtfx : 

No  effort  ivja  ccrn  nude  therefor?,  <0  avij^n  crici: 
for  the  wt  diacused.  jt-engintiro.  vita  viuiot.; 
cieiaben  ot  htiutSi  and  United  Sutw*  opem;*«:  v *• 
search  groups.  military  .crvtcri  and 
a^ficies.  ''Vc  have  iri-xl  to  eotiott  avails  hi'  im'cto,- 
tiaes  <tnd  teil  a  reaatatbiy  wttd  ucty,  no;.  of  me 

w.~rv>*«  l  yy.'yw/s  ftoT  ^  r*a».y  ‘yni  y  ^TV*--  *  - ,  b'it  ,AJ[  !*"“ 

profits.  oi  J.  epeoiii  type  of  uavai  trial  e. 

At.  St  rt.strrxi- 
A.  >1.  THOCWW^i 
3d>wn 
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PART  I 

HISTORY  OF  ANTISUBMARINE  OPERATIONS 


.SUBMARINES  IN  WORLD  WAR  I 

cki- \r  <:  \  I'.viii!  1 1 1  is  of  I  Ik*  submarine  as  a 
X  weapon  of  war  were  fust  revealed  dm  ini*  World 
War  I  wlu  n  the  l'-boai  campaign  almost  proved  de- 
eisive.  Fort imalel\ .  the  (Inmans  themselves  did  no( 
full v  realize  in  Id  I  I  how  valuable  the  l '  boat's  ability 
to  submerge  and  escape  deiec  t  ion  would  be  for  ollen* 
.sive  operations  against  eneinv  shipping.  The  small 
number  of  I'-boats  available  to  the  Germans  we  re 
used  at  first  onl\  to  attack  naval  ships  and  it  was 
not  until  1915  that  a  conceited  at  lack  was  begun  on 
English  merchant  shipping. 

During  1915  and  1910  there  were  on  the  average 
only  about  If;  l '-boats  at  sea  at  anv  time.  These  U- 
boats  were  sinking  about  200.000  gross  tons  of  ship¬ 
ping  a  month,  while  about  Ml,  U-boats  were  being 
sunk  each  month.  This  situat ion  was  extromeK  satis¬ 
factory  to  (he  (lei  mans,  as  the*  average  life*  of  a  U 
final  at  sea  during  this  period  was  about  10  months, 
dining  Vvliiib  the  l  boat  would  sink  about  I  U.OOO 
gross  tons  of  shipping  a  month,  lor  a  total  ol  let'.OdO 
gross  tons  of  shipping  sunk  belme  the  l'  boat  itscif 
was  sunk. 

Encouraged  In  these  mu  cesses,  the  (/minus  in 
Eebruaiv  1017  stalled  a  huge  scale  campaign  <»l  mi- 
lesiriiied  warfare  on  merchant  shipping  in  tin  at¬ 
tempt  to  blockade  Kugiaiul.  I  'Mis  attempt  almost 
)  novel  I  successful  as  Allied  shipping  losses  io\»* 
m.adilv  to  a  peak  in  April  1017.  Four  hundred  and 
lortv-hmi  ships  ol  about  1JO0. 000  gi  nss  tons  were  sunk 
by  I  -boats  during  that  month.  I  he  Hi  it  ish  Meet  was 
confined  to  its  base's  lor  there  was  only  8  weeks*  sup 
plv  ol  fuel  oil  in  England.  Various  c onntet measm c  s 
had  been  tried  without  success  and  defeat  seemed 
just  around  tin  corner  unless  an  antidote  to  the 
l  ’-boat  could  be  found. 

INTRODUCTION  OF  CONVOYING 

Admiral  Jtlliioe  was  brought  to  Admiral iy  io  deal 
with  tin-  situation.  The  convoy  system,  twice  turned 
down  on  account  of  lack  of  escort  vessels  and  loss  o! 
time  to  shipping,  was  introduced  in  April  1917  and 
proved  immediately  successful  in  reducing  the  ship¬ 
ping  loss  rate.  The  result  of  all  the  vat  ions  British 


countermeasures,  of  which  theronvov  svstcin  was  the 
most  rflective,  was  that  !>\  October  191?,  1501  ships 
in  99  couvovs  had  been  brought  into  port  with  site 
loss  ol  onlv  ten  ships  sunk  while  in  rnnvo\  (a  loss 
rate*  ol  less  t  ban  l  per  cent ). 

LACK  OF  SATISFACTORY 
COUNTER  MEASIJ  RES 

Although  shipping  losses  had  been  cheeked,  it 
should  be  kept  in  mind  that,  (tom  an  offensive  point 
ol  view  (i.r. ,  destruction  of  U-boats),  the  U-boat  bad 
not  been  defmiielv  beaten  in  World  War  I  Alter  the 
start  ol  unrest  tic  led  U  boat  warfare  earlv  in  1917,  the 
( lei  mans  maintained  an  average  of  about  10  1  *  -boats 
at  sesi  at  anv  time.  During  this  period  the  average 
number  of  I’-boats  being  sunk  each  month  was  only 
about  seven;  the  maximum  number  of  U-boats  sunk 
in  any  month  was  oniv  l  1  in  May  1918.  Therefore, 
the  average  life  of  a  ( ’  boat  at  sea  dm  mg  the  last  year 
ol  World  War  i  was  still  about  0  months.  Shipping 
losses,  even  during  tile  Iasi  v ear  of  World  War  I.  were 
siili  t  unning  at  the  level  m  about  *9)0,000  gross  tons 
a  month.  so  that  at  that  time  each  U-boat  was  still 
sinking  about  15,000  gross  tons  before  "it.  ilsell.  was 
sunk. 

1  hese  figmes  indicate  that  other  (actors  besides 
(  boat  losses  nuts!  have  contributed  to  the  mutiny 
ol  l  boat  crews  in  1918.  as  the  tale  of  U-boat  losses 
has  ic-ached  lai  highci  leve  ls  in  World  War  II  witll- 
*»nf  ins  corresponding  crack-up  in  motale.  Another 
point  to  he  considetc  d  is  that  a  large  pari,  of  German 
l  -ho  u  losses  in  the  latter  part  of  W  orld  War  I  was 
due  to  mines,  whose*  eflec  t i vrness  was  greatly  in¬ 
creased  1>\  the  lac  t  that  the  geographical  positioned 
the  German  U-boat  bases  necessitated  passage 
tluougli  the  North  Sea.  Ol  the  178  U-boats  sunk  dur¬ 
ing  the  first  World  War.  about  15  per  cent  were  sunk 
by  surface  nail,  about  hall  ol  these  bv  depth  charges 
and  half  by  gunfire  and  ramming.  About  30  pel  cent 
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|j((l«(‘(l  by  submarines,  and  the  other  15  per  rail  by 
other  causes.  It  is  therefore  dear  that  the  Allies  bad 
not  developed  anv  oflensive  weapon  during  World 
War  1  whit  it  could  deal  so  eflerlively  with  the  U-boat 
at  sea  that  further  operations  would  not  be  profitable. 
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HISTORY  OF  ANTISUBMARINE  OPERATIONS 


Thai  i  lie  Germans  themselves  si  ill  thought  the 
l1  boat  was  an  diet  live  weapon  ai  the  end  ol  World 
War  I  may  he  seen  from  the  fad  that  there  were 
about  220  U-boats  under  construction  in  November 
19  |H.  Admiral  Seiner  s  building  program  ol  October 
1.  1 9  IB  j>ro\ided  lot  at  least  50  l'  boats  a  month  be¬ 
ginning  the  middle  ol  15)  I!)  and  would  probably  have 
been  lididiC'd  ii  hostilities  bad  continued.  If  the  war 
had  not  ended  in  November  1918,  (lie  Allies  would 
have  had  to  lace  a  second  and  more  intensive  \  -boat 
campa  tgn. 

need  for  scientific:  and 
TECHNICAL  ADVICE 

Oncol  the  most  significant  points  about  antisub- 
marine  warlare  which  became  apparent  earlv  in 
World  Mar  i  was  the  necessity  ol  having  sc  ientific 
and  technical  aid  in  combatting  the  l '  boat.  J  he  e*s 
sential  pioblem  was  that  of  having  some  means  ol 
dcii'c  l  in«.»  a  submerged  l'  boat  and  the  n  ol  having 
some  weapon  that  would  provide  a  good  (hance  c >1 
destroying  the  l  boat. 

I  he  Inst  crude  attempt  to  de  ve  lop  an  instrument 
to  deled  the  submerged  l  -boat  resulted  in  the  in 
stallalinn  ol  hvchnphlmcs  on  Allied  naval  ships  in 
1915.  !  he  hvehopjitme:  was  siniplv  an  instrument  for 
listening  in  ihe  noise-  pi oe hired  l»\  the  submarine, 
and  sonic  h  repiene  ies  be  low,  in  k<  wete  used.  \o 
range  and  osilv  a  tough -'hearing  wete  obtained  horn 
•Wiese- earlv  hujiophonc •%  and  it  was  impossible  in 
ntake  all «t«  kv'  on  t  hciaiMviifennv  de  gree  >  »i  pm  ision. 

II  ;  •  1 

I  lie*  uiaio  e  (le  c  I  ol  hydiophones  was  on  l  ’  boat 
nun  ale.  as  l ;  boats  hmnd  that  tliev  wete  being  fol¬ 
lowed  alter  div  ing  instead  being  bee  <d  ihe  ii 
pm  sue  t  s., 

.  1.1  if;  In  si  depth  charges  to  be  used  in  attacking 
Submerged.  U-boats  W(i e  also  inirndiued  in  1915. 
Ilmyevet.  .so  lew  were  available  ilia!  the*  Get  mans 
did  not  leal  i/e.  thev  were  being  use  el  until  1 0  i  7  - 

In  September  1918  the  British  lot  med  a  small  < oin- 
miltee.  consisting  hugely  of  scientists,  called  the 
Ant  i-Siihulai  inc  Division  inlet  nut  ioual  ComuUHve 
(the  initials  spell  ASDIC.  the  name  given  by  the 
British  to  their  e<  ho  t  augiug  chin  tor).  Ibis  tom- 
mii.ier  developed  a  method  ol  it ausni it t iug  sound  of 
supersonic  Impunities  under  water  and  then  using 
the  echo  reluming  from  the  submerged  submarine 
to  lix  its  position.  Although  the-  Asdic  sen  was  still  in 
tile  experimental  suige  when  Wo*  hi  Wav  i  ended. 


the  labors  of  the  rommittce  were  not  wasted,  as  effec¬ 
tive  underwater  er do-ranging  gear  was  developed  in 
the  I930\s  and  proved  to  be*  (pule  a  surprise  to  the 
Germans  at  the  start  of  Wot  Id  War  11.  Due  to  the 
ability  of  Asdic  to  provide*  both  range- and  bearing,  it 
proved.  Jar  better  than  the  hydrophones  used  in 
World  War  I.  Hydrophones,  themselves,  wove  also 
improved  by  using  .supersonic-  IVeejnenc  ies  and  mak¬ 
ing  them  directional,  thereby  enabling  the  operator 
to  obtain  more  accurate  hearing. 

ORDER  OF  BATTLE -SEPTEMBER  1939 

At  the1  start  of  World  War  II,  England  had  omy 
about  229  Asdic-fitted  antisubmarine  e  rail  consisting 
ol  approximately  105  destroyers.  35  patrol  craft 
sloops,  frigates,  curve  ties)  and  20  trawlers.  This  total 
may  he  compared  with  the  more  than  3000  ships 
(about  150  destroveni,  170  patrol  craft  and  the  re¬ 
mainder  trawlers  and  small  craft)  available  to  the 
Allies  for  antisubmarine  warfare  in  1918. 

Fhe:  British,  profiling  from  their  experience  in 
World  War  E  had  learned  that  the  ocean  convoy 
system  did  mote  than  anything  else*  to  reduce  ship¬ 
ping  losses.  Fhey  knew  that  the:  convoy  system  works 
best  in  open  water  where  evasion  can*  be  emplovcd 
and  that  its  success  depends  upon  efficient  escorts 
armed  with  effective  ollensivv  weapons.  They  were 
also  aware  ol  the  hut  that  an  efficient.  U-boat  tracking 
system  is  necessaiy  to  pi  ai  t  ie c  eflee  ti v  e*  e\  asioit;  and 
a  dailv  U-boat  plot  based  on  contac  ts,  1)F  fixes,  and 
intelligence  was  used  throughout  the  war.  . 

Me  anwhile  I  lie  Germans  had  done  e  onsiderable  re- 
se-aich  in  de  veloping  and  improving  their  U-boats. 
The  U  boats  available  to  t lie  Germans  at  the  .start  ol 
Woi  Id  War  II  weir  faster  than  those  used  in  World 
Mat  I  and  were*  also  e  oiisiderablv  stronger,,  being 
able  to  dive  decpei  and  to  withstand  more  depth- 
charge  punishment,  fhe  Germans  had  also  devel¬ 
oped  an  elec  (tic  torpedo  which  left  no.  visible  wake. 

.However,  in  September  1939,  the  Germans  seem  to 
have  had  available  only  about  (>()  t '-boats,  of  which 
39  were  of  llu'  small  250-Ion  tvpc*  (ol  limited  endur¬ 
ance--  suitable  for  coast  a)  opera  t  ions  only )  and  30  of 
the*  larger  ocean-going  type.  20  of  which  wete:  of  500 
tons  and  10  ol  750  Ions.  This  small  number  suggests 
that  Germany,  possibly  not  anticipating  that  Eng¬ 
land  would  enter  the-  war  at  that  eat  ly  dale,  had  given 
higher  priorities  to  the  building  of  tanks  and  aircraft 
foi  land  warlare  titan  to  the  building  of  U-boats. 
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Chapter  1 

FIRST  PERIOD 

SUBMERGED  DAYLIGHT  ATTACKS  ON  INDEPENDENTS 
SEPTEMBER  IDTI-jUNE  1940 


U-BOAT  Ol'i  KN.SIV1. 

InM  phase  ol  l  l)oal:l  uarlaic  uas^ivaiK  ill 
E  llticnrcd  l)\  i  lie  i  apiilh  i  haiteiii”  ovei  all  mililai  \ 
situation.  Oernianv  invaded  Poland  um  September  I. 
i !).'»?).  ami  Kurland  and  Li  am  e  dec  lau  d  w.h  on  (hi- 
main  on  September  .*>.  Sonic  (  -boats  dad  It  1 1  (ici 
many  earl\  in  August  atu!  when  die  wai  begun  dure 
were  aliom  sis  at  sea*  nadv  lo  stall  an  offensive  in 
die  Xorthcusl  Atlantic  in  die  Western  Apptnac  lies 
io  Unglatid. 

Ac ( online  io  siaieinenis  of  early  prisom  i *>  ol  \v;ii . 
die  i  omnia  lid  ing  oflu  eis  ol  l  '-bouts  had  been  01  del  et  I 
m  observe  ) niemai innal  Law.  which  loihade  l  boats 
io  sink  metcliani  vessels  wiihoni  having  lnsi 
placed  die  passellgeis  and  new  in  a  place  id  safety. 
At  die  beginning  ol  September.  these  insii  m  i  ions 
seem  lo  have  been  gencrallv  obeved.  wn  h  dn*  notable 
e\c  Cp.lion  ol  die.’  A  thrum .  which  was  Du  pc  cloud  with 
out  warning  on  Sepiemhri  IJowevei.  this  siiuai  ion 
did  nol  Iasi  long  and.  low  aid  die  end  ol  Sepiembci. 
even  nedtial  ships  weie  being  fot  prdord  uiiiioin 
warning.- 

Antic  ipai  iiig  nine  si i  k  ted  l  boat  Wat  lai c.  i  In*  l>i  ii 
isb. bad  ptepuied  plaits  beloie  the  war  bu  -ihc  inune-' 
dime  csiablislmiein  of  (he  c  on\ov  >\  Mi  m  and  I  hr  (n  si 
iiiiclc  (oii\o\  sailed  on  Sc.piembei  n.  \s  1 1 >.< *  Ittiiisb 
defenses  ag.dnsi  L  .boai  auac  ks  v\ e  ie  based  on  die 
net* e Is  of  protecting  pt  imai  ilv  die  Meet  and  second 
aiih  liieic  haul  shipping.  I  he  limited  nntnbei  of  ;mi,i 
Mihinathic  vessels  available  lot  c  ouvov.  ese  on  was 
ina<l.eljnaJe  lo  pi m  ide  due  t  i  pinieciion  io  die  mn- 
vms,  \evri  I  lieless.  il  w/is  believed  dial  die  liiilisb 
ant  isubmai  in<:  vmasmes  we tc  sullu  iciti  l\  c  I  let  I  ivc  io 
eiisiiie  dial  no  U  boai  could  lien av  lit  t  pnscnce  by 
ail  at  king  a  ifiuvm  without  t  milling  a  seven-  danger 
ol  sllbseepu  ill  deslrmliou  bv  the  esc  ot  t  ing  e  la  1 1 . 

I  1  it;  exponent  c  dming  S«  pie  inner  Tended  in  ins 
lilv  these  ex  pec  la.iions.  as  ovci  !I0M  ships  wcie  con 

i>  I  lif  Iron  I  l>i).ii  is  iisnl  in  irlci  to  am  <  nrm\  miIiki.i)  inr 
[((COii.in.  !  Lilian  Vidiv  lie  in  li.  <<i  j.<  j>,i  ■  i  ;  iiiili  ;i  tiisj)!;!*  r 
mc.nl  nl  200  ions  or  mote. 


voved  dining  dip  monih  without  the  loss  o I  a  single 
ship  while  in  ennvov.  In  adcliiion,  (wo  U-boats  were 
sunk  (lining  die  monih  In  Hr  i  i  i.sh  surface  trail.  The 
tinmans  npparcndv  had  no  knowledge  of  Hrilish 
Asdic  and  slili  believed  dial  they  could  con n lei 
tmdei  water  delect  ion- in  reduc  ing  internal  noises. 

I  lie  lack. of  knowledge  o[  British  Asdic  probably 
accounted  lor  the  curb  L-boal  tactics.  The  U-boats 
preferred  Hacking  theit  targets  during  the  daylight, 
believing  ihe-mselves  relatively  invisible  because,  ol 
their  powers  ol  submergence,  while  they  could  ob- 
sejve  the  targets  through  theit  periscopes.  The  U-boat 
attacks  weie  generally  made  by  torpedo  from  peri¬ 
scope  depth,  but  il  1 1  it*  large!  was  an  unarmed  mer¬ 
chant  vesse  l,  die  U-boat  usually  surfaced  and  at¬ 
tempted  in  sink  l  he  ship  by  gun  lire. 

During  September,  while  die  convoy  .system  was 
slid  no'  lulls  established,  dieie  was  a  sullirient  iiiini- 
bet  ol.  tiltesc  ol  led  HU  gels  III  se.i  lo  enable  die  l  MiOiltS 
lo  sink  'Ml  ships  ol  l.'ii.OOO  gloss  tons.  Ten  ol  these 
ships  weie  sunk  hv  gimfnc  alone...  bom  surfaced 
l  boats,  mid  this  led  die  lit  iiis.li  io  lake  innncdiale 
steps  lo  ui  m  as  main  mcichaiil  ships  as -possible  lo 
dc  lend  i be  niselves  against  sue  h  ;n lac  ks, 

\i  ibesf.ui  of  die  win  anrisuhmiiViiic  lorees  in  die 
U  esie m  Xpproajics  wei  r  aiigmented  iiy  aid  ral  i  c  ai  - 
tic  is.  bin  alter  !  IMS  ('.nmuynus  was  sunk  bv  U-I)6:U 
loipedoes  on  .September  1.7 .  die  carriers  wen:  wiili- 
chawn.  I  I ( )w tv ei .  shore  based  aiiy  rah  of  llie.Coastal 
Ucmunaud  helped /onsicletably  by  flying  over  100.000 
miles  in  September,  vigil  I  ing  some  aO  l  :-boa(s  or  si  i  j  >- 
posed  U-boats,  and  .marking  over  SO  of  diem.  Al¬ 
though  none  ol  the  aiicrali  an  ticks  ufie  very  effec¬ 
tive,  ihev  did  cause  the  l'  boats  to  suhinergct.  and 
i  lu  i  eb\  i educed  i heir  ell cc  i  i\  e  operating  period. 

The  Sc  plembei  U-ho.u  c  ampaign  was  loliowed  bv 
a  lull  dining  tlu*  first  len  davs  of  Ociolier  dining 
wiiicii.  aii iiougb  V  boats  were  a i  sea,  hnniiv  any  ships 
were  ai  lac  ked.  I  his  lull  seemed,  lo  relied  die  political 
simaiion  al  the  lime,  as  il  was  accompanied  by  Mil¬ 
let's  oiler  ol  peace  oil  October  (i.  U-boat  activity 
flared  up  again  on  <  )e(ober  LL  and  bv  die  end  of  die 
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moil l h  28  ships  of  I  .‘1(1,00(1  gross  ions  had  broil  sunk 
bv  I.1  boats.  In  addition  Kapilan  lint  naiil  Prion,  in 
command  of  l1- 17.  penetrated  1 1  it:  harbor  ol  Sea  pa 
Flow  in  i  ho  middle  of  October.  and  sank  FI  MS  llovnl 
Oak.  a  British  battleship.  I  bis  solved  lo  dirod  Hr i t - 
ish  aiioni ion  to  l ho  norossitv  ol  pioicciing  harbors 
againsl  l1  boats  bv  moans  of  lixed  defenses.  such  as 
booms,  indicator  loops,  mine  fields,  and  harbor  de- 
Ion  so  Asdics. 

miring  .November  and  December  the  main  cllorl 
ol  die  German  U-boals  seems  10  have  conicled  upon 
a  mine-laving  campaign  on  I  In  least  Coasl  ol  F.ng- 
land.  uanii  nlarlv  in  (he  !  hanies  F.sluarv.  'I 'lie  mines 
laid  were  both  die  old  ivjie  ol  (inilad  mine  and  a 
new  Ivpe  of  magnetic  mine,  wliidi  ai  lirst  proved 
lal her  dillii nit  lo  sweep.  .Monthly  losses  due  directly 
to  I  -boats  (101  pedoes  and  gunfire)  loll  in  IS  ships  ol 
about  l).a.,!KI0  gross  tons  and  were  exceeded  bv  die 
I ()().()()()  gross  tons  ol  shipping  sunk  bv  in i lies  dm  ing 
eai  li  of  these  months.' 

U-boat  auixiiv  lagan  increasing  again  in  die  sec. 
olid  week  of  junuurv  I!)  I!)  and  by  die  end  ol  die 
.month  there  vveiv  as  mans  U-boals  at  sea  as  ai  the 
start  of  die  war.  In  Fehiuarv.  dm  l  -boat  elloii  was 
greater  than  during  any  piev  ions  pel  iod  and  .'in  ships 
ol  I.Vi.IMM)  gross  Ions  were  sunk.  I  he  I  hoals  mil- 
linuril  lo  lolloiv  a  jioliiv  ol  altaiking  Allied  and 
neutral  ships  vvidioul  warning.  They  preiei  red  al 
unking  single  ships  o|  sliaggleis  Itom  convoys,  dim. 
making  il  diliit  nil  Ini  I  he  ail! isiihimn  ine  sli ips  lo  <  on 
din  1  aililhi  live  scan  li  ami  finnilei  a  I  lot  k.  I  he  le 
sped  die  U  hoals  had  Ixvn  showing,  lor  .he  1'iiiish 
(Onvovs  is  imlii  a  led  bv  die  fat  I  dial  mil'  7  ol  die  Hid 
ships  sunk  hv  1  hoals  dining  die  In  si  six  months  of 
l he  wai  Weie  in  (onvov  vvheri  sunk,  although  loiighlv 
half  flic  shipping  sailed  in  uinviiv  at  l his  lime. 

Losses  due  to  mines  fell  oil.  dining  Inniiniv  and 
February  as  beiler  methods  ol  sweeping  die magnei  ii 
i nil ics  u 'ei  e  developed  anil  more  ships  w.ci  e  degaussed 
(magnetic  held  ol  ship  (  hanged  to  piolccl  il  against 
magnetic  mines).  .. 

There  was  a  marked  lull  in  U-boat  activity 
throughout  .March,  lea  lit  red  bv  the  complete  absence 
ol  [.'-bouts  from  Atlantic  wate  rs  alter  aliotii  die  l-th 
of  (lie  month.  F'.arlv  in  April,  every  available  I'-boal 
left  German v  lo  lake  up  jvoroj  positions  in  die  North 
Sea  in  help  in  the  inipmchiig  iudnarv  upeiacions 
againsl  Nonvav.  f  lic*  ave  rage  iiumhei  ol  l '-hoals  al 
sea  reached  a  peak  of  about  la  during  tiie  second 
week  of  April,  when  Germany  invaded  Norway.  De¬ 


spite  the  large  concent  ration  of  U-boats,  the  damage 
done  by  them  was  remarkably  small.  No  Hrilish 
capital  ship  was  even  attacked  by  M-honis  and  only 
six  ships  of  :!  1 ,000 gross  tons  were  sunk  by  the  (.'-hoals 
during  the  whole  month  of  April,  a  new  low  for  die 
war.  In  adclii  ion,  the  Germans  losl  six  U-boals  during 
die  month,  a  new  high  for  die  war. 

There  was  very  liule  U-boat  activity  during  the 
hrsi  hall  of  May  as  Germany  slatted  her  inv  asion  of 
Holland  and  Belgium  on  May  If).  Il  is  believed  that 
(lining  May  no  [J-boat  proceeded  lo  die  Western 
Approaches  until  the  2 1  si  and  only  10  ships  of  -18,000 
gross  tons  were  sunk  by  U-boats  during  the  month. 
.Shipping  losses  lo  f’-hoals  were  exceeded  for  die  first 
lime  during  the  vvai  by  die  1 .5-1.00(1  gross  tons  sunk 
I  iv  aii  ( rail .  These  losses  were  incurred  large  I  v  in  inn- 
iicclioii  vv ii  1  i  die  operation  and  evacuation  of  die 
British  l-'.xpedilioiiarv  l-'onc,  which  left  Dunkerque 
on  Max  20. 

Flu-  Germans  announced  on  May  20  that  U-boat 
warfare  was  about  to  recommence  and  warned  neii- 
li  a  Is  not  lo  ruler  die  protection  of  British  ennvovs. 
1  his  ducat  was  followed  by  a  period  ol  intense 
I  '-bum  ac  liv  ii y  as  convoys  were  attacked  with  greater 
boldness  llian  in  earlier  periods,  advantage  being 
taken  ol  die  punchy  of  escorts,  rendered  inevitable 
bv  die  demands  ol  die  iiiililaiv  evaluation  and  die 
Home  Meet.  I  he  losses  lor  June  were  the  highest  of 
l  lie  war.  vvii  Ii  oti  ships  of  2(17,001)  gross  lolls  being  sunk 
by  I  boats,,  i  nr  Get  man  ate,  Kit.  Bitch,  contributed 
his  shall  hv  sinking  ten  ships  of  ahum  07,000  gross 
unis  (lining  one  cruise.  Bv  die  end  of  |ciur,  France 
was  out  nl  die  wai  and  lluly  had  entered  the  war 
with  mil  100  l  hoals.  about'  (it)  of  which  were 
ni.ean  going  (tint)  urns  and  ovc.i). 

COUNTERMEASURES  TO  THE 

U-BOAT 

Convoys 

I  he  convoy  system  was  by  far  the  mosi  effective 
couiitei imasiii e  in  keeping  down  shipping  losses  to 
l’  boats  during  this  lirst  period,  jusl  as  it  had  been 
during  World  War  I.  This  was  slid  line,  even  I  hough 
l he  tin ni her  of  .mi isuoniariMO  vessel's  suitable  lor 
ocean  escort  was  insiillic.ieiit  lo  prov  ide  direc  1  protec¬ 
tion  to  die  convoys.  The  British  met  this  problem  hv 
keeping  dieir  convoy  system  flexible,  changing  the 
number  of  escorts  and  the  distances  for  which  con- 
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vovs  wen*  iwirirtl  in  accordance  with  U-boat  aciiv- 
iiv.  Ii  should  lie  noted  that  the  Germans  made  this 
lirohlem  more  ddiieuil  In  sending  tlu*  U-boats  out  in 
waves,  so  that  jieak.s  of  U-boat  activity  urnitred  in 
September  I*).‘i9  and  in  Eebmary  and  June  of  ID. HE 

Although  the  lirst  eonvovs  sailed  early  in  Septem¬ 
ber  the  (unvov  svsiem  was  not  fully  in  force 

until  the  beginning  of  October.  I  he  designations  of 
the  main  convoy  routes  that  were  set  up  then  were: 

OB  Outward  bound  horn  Kurland  to  America 
and  Africa. 

MX  Homeward  hound  to  England  from  Halifax. 

SI.  Homeward  bound  to  England  from  Sierra 
I  .roue. 

In  order  to  illustiaie  some  ol  the  problems  in¬ 
volved  in  setting  up  tlu*  convoy  svstem  a  detailed 
at  count  is  presented  ol  the  changes  made  iti  the  1IX 
coiivnv  route  during  t  Ids  pe  riod.  On  ( )<  toiler  7,  1  hall, 
it  was  decided  to  disc  on*  jime  the  i  on  \  ovs  from  Kings¬ 
ton.  Jamaica,  and  all  ships  in  the  West  Atlantic  were 
routed  independent l\  to  K'alilax.  taking  advantage 
ol  U.  S.  waters  as  l;.n  as  possible.  Gonvovs  were  di¬ 
vided  into  slow  th  to  Hi  knot)  and  last  { l!i  to  I  a  knot ) 
<  onvuvs,  w Inc  h  hit  Halil  a  \  at  about  the  same  t  iinc  in 
order  to  arrive:  four  davs  apatr  at  the  mule/mus 
point  \i  rh is  poiiit.  located  at  a  he.  "it  la  west  longi¬ 
tude.  till'  (oimi\.s  vycu  e  met  Its  mu;  t  i  l  wo  dexl rovers 
whic  h  providt;d  ;mt  i.subniat  ine  esc  <..j  t  to  England. 
I  lie-  occ  atl  eseol  l.  piovidc d  he  t w<  c  q .)  Ialilax  and. tin 
ielidc/vous  point  plhii.u  i  I \ "lot  protection  against 
stu  late  raidei s,  consisted  ol  a  ban  >,  <  t  nisei  .  <>! 
ai  itied  mei  c  ban  I  <  misei ,  and  one  01  l  wo  sulmiai  ines 
whe  n  available.  - 

llic*  Inst  of  lit  esc  c  oj.iv <»v  s.  II X  hand  IIXE ti,  con¬ 
sisted  ol  f»‘J  and  (kjships.  lispc.c  livclv.  Ehr.  di v  id ing 
line  -was  then  .dieted  to.  1  i  knots  to  equali/fr  the 
nmnhet  ol  ships;  and  doling  Xovemhei  MU!)  the- 
n  it  ill  her  of  ships  in  these. set  I  ions  averaged  ’Jli  and  Ixi. 
On  Eehmaiv  Hi.  MHO;  the  last  comovs  were  discoic 
t  iniied.  and  all  II X  cent vpvs sailed  at  h  knots,  at  a-  and 
a -da v  inter  vals.  I  hr<e  c ol l v ovs  consisted  ol  ships  with 
speeds  he! ween  h  and  la  knots,  ships  of  higher  speeds 
sailing  independent  Is.  At  the  beginning  of  April,  in 
order  to  equalize  the  size  ol  the  comovs.  1-day  inter¬ 
vals  were  started. 

Earlv  in  Mav  H.HU  Bermuda  began  lobe  used  as  an 
assembly  point  lor  vessels  from  the  West  Indies  and 
other  points  in  that  vie  initv.  and  MX  II  was  the  first 
combined  Bermuda  and  Halifax  convov.  The  sec¬ 


tions  formed  at  sea,  as  arranged,  at  about  11°  north 
latitude  and  -HU  west  longitude,  and  the  Bennuda 
escort  then  returned  to  base.  This  change  enabled 
about  (JO  per  cent  of  the  ships  that  formerly  sailed 
from  Halifax  to  cut  down  their  voyage  by  i>0()  miles 
and  to  avoid  the  fog  off  Newfoundland.  The  average 
number  ol  ships  in  these  I IX  convoys  had  risen  to  Hi 
hv  May  i {)  id. 

Ill  addition  to  the  above-mentioned  convoys,  the 
British  also  sailed  coastal  convoys  to  protect  shipping 
on  .short  trips  around  the  English  coast  and  Scandi¬ 
navian  eonvovs  to  and  I  mm  Norway.  The  main 
energies  of  the  Hicneli  light  craft  were  also  devoted 
to  the  protection  ol  nine  haul  shipping.  Thev  were 
luted  with  Asdic  as  soon  as  possible  a  I  ter  the  opening 
of  die  war  and  provided  escorts  for  purely  Ereuc  h 
eonvovs.  helped  escort  the  Gibraltar  eonvovs  lor 
most  of  the  wav ,  and  assisted  in  covering  the  miliiarv 
c  ross-(  ihannel  eonvovs. 

I  he  extreme  value  ol  the  British  convov  system 
may  best  he  appreciated  bv  noting  that  during  this 
period  about  !3()()  ships  were  being  convoyed 
monthly,  while  onh  about  :>  ol  ’these  were  being  sunk 
monthly  by  l  -boats  fJU,  in  escorted  convoys,  1 1 in 
unescorted  eonvovs,  and  !  straggler).  The  rate  at 
which  independent  mere  haul  vessels  were  being  sunk 
in  l  ’ -boats  was  rough l\  about  four  : imes  as  high. 

Aircraft 

Aiujllui  i  t  ■ )  |  >  >  >  i  lint  tountci  measure  lo  I  he  I'  boat 
was  i  hr  use  ol  air<  1  licsc  had  seen  vers  little  use 
against  (Tonis  during  W  orld  A\:;i »-  I  anti  <onsc- 
( 1 1 1 c - ] 1 1 .1  v  Ii  lno,k  some  I  ime  bclm c  (lie  pi oblcrns  ol  how- 
Jo  use  riii’d.afl  mosl  (‘flicienily  against  f-hoats  were 
solved,  In.addil  ion.  (hr  ail  <  rail  were  SI  ill  m  ined  oiily 
will;  himihs.  <  ioi  i  si  ■(  j  i  ir  a  [  !y  I  hr  dim  l  ron  I  rihti  ( ion  of 
a.imal.1  Iona  id  sinking  I'-boais  was  negligible  din¬ 
ing  i  his  per and. 

N'eveillielevs.  aimall  perlnnued  a  defensive  linn- 
lion  of  great  -value  in  helping  In  pmlcel  shipping, 
(ioasial  (ionniiand  aimall  llew,  on  (hr  average, 
about  lallO  hours  monthly  on  purely  antisubmarine 
work.  Alamt  20  L'-boals  were  sighted  monthly  and 
12  of  these  were  attacked,  with  about  It)  per  rrnl  of 
tin-  attacks  resulting  in  some  damage  to  the  l!  boat. 
This  ellorl  readied  a  peak  of  !)a()(l  hours  during 
( une  l!H0.  when  about  2800  hours  were  spent  oil 
antisubmarine  patrol  and  G700  hours  on  convov 
escort  duty. 
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1  'ho  main  value  of  this  living  was  in  causing  tin* 
l '-boats  io  submerge,  lluis  prevent ins*  them  Iron) 
shadowing  or  apprnac  lung  louvovs  on  the  surlate. 
It  also  helped  io  discourage  them  IVoni  operating 
close  io  the*  shores  ol  I. upland  w  here  die  II \  i i it*  w.is 
heaviest.  U  boats  ai  this  lime  were  under  orders  to 
submerge  as  soon  as  ihe\  sigh  led  a  plane  and  the 
British  look  advantage  ol  this  b\  starting  io  use,  in 
\oveinber  I *!!?!!.  light  aim  al  l  of  the  Moth  t\pe  to 
pairol  arbiind  the  toast.  These  aircraft  weie  k,:  \vn 
as  “scarecrows,”  <  ain’t  I  no  bombs,  and  weie  used 
solely  to  sight  and  report  l '-boats,  aixl  to  make  them 
submerge.  1  hesc  living  honrs  and  sightings  also 
heljK’d  considerable  in  keeping  an  an  male  U-boat 
plot. 

Scientific:  and  Technical 

Applving  the  lessons  learned  in  Woild  Wai  I,  ton 
siderahle  sc  tent  i  fit  work  was  being  done  dining  this 
period  to  improve  antisubmarine  attacks.  Some  ni 
tilt:  Ivpital  problems  being  investigated  then  were; 

1.  Development  ol  an  Asdic  icteivei  -amplifier 
with  auiomalK  sensitiviiv  tonilol  so  dial  both,  long 
and  short  range  et  hoes  would  be  r]eai  I v  rec  01  tit  <1. 

2.  .Theoretical  invest ig.n ion  ol  improved  methods 
ol  earning  out  ain.isubmai  ine  aiiat  ks  arid  of  the  best 
type  ol  depth-c  barge  patut  n  to  cumii  r  desn  u<  c ion  m 
the  submarine. 

a.  Assistant  e  in  am  isnl>u*ai  ine  jn  i>t»miei  in  div 
I inguishing  between  silbmatiiie  anti  non  siilnnai  ine 
targets, . as  a.gieai  amonni  ol  cflot  t  and  ii  laige  limn 
bet  oi'clt  pth  t  barges  were  being. txxpriided  on.-wret  ks, 
whales,  anti  olliei  non  suhimuint*  t.ugeiv. 

l‘  i  Sinking; of  IMibats 

Nurlate  tialt.  equipped  with  \sdi<  and  depth 
(barges,  weie  b\  lai  the  most  potent  .t/urm.v  ol  the 
U-boat  (luring  this  hist  phase  nl  U-boat  waijnie. 
Twentydne  (lernran  U-boats  are  known  lo  have 
been  sunk1,  as  ;.i  result  ol  Allied  at  I  ion  tim  ing  this 
EO-monili  period:  la  weie  sunk  b\  mu  lace  trail,  one 
by  the  coordinated  at  lion  ol  i  wo  ships  and  one  plane, 
one  bv  a  plane  Itniii  a  Biilish  ballleship,  two  were 
ioipedoed  by  submarines.  anti  i  wo  were  mined  in 

*■  I  hr  estimates  given  hric  li*i  I  Im>;M  sinkings  air  based  cm 
A I  lied  ;tsM'SMiicni\.  Itit  itlciils  ;iws\rc|  \  ui  ll  air  ( nri-.uleied  u» 
Ini  it:  Mink  dirt  -IhihI.  (usiilit  aijon  l«»r  ihis  asMiiii|>(ioii  is  given 
in  \p|K*ndi\  I. 


attempting  to  pass  through  the  Dover  Barrage  in 
October.  Two  oilier  German  IJ-boals  were  sunk 
under  unknown  t  imunsiaiu  ex  while-  one  is  known  to 
have  been  sunk  in  the  Baltic  after  being  rammed 
accidentally. 

In  addition  to  die  21  German  U-boats  mentioned 
above,  10  Italian  l ’-boats  were  sunk  in  the  Mediter¬ 
ranean.  Red.  Sea,  and  Indian  Ocean  between  June 
10.  when  Iialv  entered  the  war,  and  die  end  of  the 
inon  l  h. 

i*-«  SURVEY  OF  RESULTS 

ww  From  the  U-boat  Point  of  View 

I  he  average  number  ol  U-boats  at  sea  in  die  \  ; 

I  it  din  ing  this  lust  phase  ol  the  f  boat  war  was  ;■  ml 
six.  The  average  number  of  ships  sunk  mniiil  b\ 
them  was  20  of  about  1 00,000  gross  ions.  St>  ih.il  bold 
lour  ships  ol  about  18,000  gross  Ions  were  being  sunk 
per  l ’-boat  .month  at  sea.  1 1  owe  ver,  about  two  out  ol 
the  six  t  -boats  at  sea  were  being  sunk  each  month, 
so  that  the  average  life  of  a  (’-boat  at  sea  was  only 
about  three  months.  This  relative  rate  of  loss  of 
l  ’-boats  .was  exiremelv  high,  much  higher  than  at 
am  stage  ol  die  Inst  World  War,  and  makes  .readily 
.u licit  rsujndablo  the  fat  i.dmt  they  preferred  attacking 
•  unesc  (>■  di*ri  ships  (o' at  tacking  cotTvovs,  lightly  es¬ 
corted  kis  t r\i-y  were.  It  also  helps  to  explain  why  the 
German  l  ’  boats  led t  it  necessary  to  change  their 
t  act  it  s  tin  ring  the  next  phase  ol  the  U-bc>;n  war;  this,- 
tit  spite  I.hedau  dun  the  overall -eve  haiigc*  rate  (i.r..,- 

ships  of  about  fu >. 000  gross  tons  stink  for  each 
•(  '-’boat  sunk). might  be  considered  satis!, adory  for  die 
!  boatSj  The  rate  ol  fosse.)  I  U-boats  simplv  was; higher 
ilian  ihe  Germans  could  allot'd. 

Ihe  fact  tan  be.  clearly  seen  from  another  ap- 
jnoatii.  1  lie  Gen  nans  stalled  the  war  with  about. .30, 
.ocean-going  l  boats  (/>..  o.OO  tons  or  larger).  By  they, 
end  ol  June  1010,  18  of  these  had  been.  sunk  while 
onl\  about  la  new  ones  had  been  comm isrnon^cl,  so 
that  the  (Germans  only  had  about  27  oceangoing 
U-boats  available  at  (he  siarrof  the  second  period  of 
the  l ’-boat  war. 

1  From  the  Allies'  Point  of  View 

At  die  end  of  June  1010  England  was  left  alone  in 
die  war  against  Germans  and  her  ability  to  carry  on 
the  war  was  dependent  on  her  keeping  her  m a  lanes 
open.  'Total  shipping  losses  of  the  Allied  and  neutral 
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t unions  were  about  280.000  gross  ions  monthly  ns 
rom pared  to  a  building  rate  of  only  about  88.000 
gross  tons  monthlv:  for  a  total  net  loss  of  1,020,000 
gross  tons  due  to  all  causes  during  ibis  10-moiiih 
period  out  of  a  total  of  about  10,000,000  gloss  Ions  ol 
shipping-  ai  the  Stan  of  die  war.  U  appeared  dial 
shipping  losses  were  still  on  the  upgrade  and  die 
old \  hope  of  keeping  the  rale  of  net  loss  down  was  a 
targe  increase  in  shipbuilding. 

<  )f  die  280,00(1  grass  ions  ol  shipping  lost  monihiv, 
about  22X000  gross  ions  were  lost  b\  cnemv  aeiinn. 
with  l ’'boats  ;u  <  ounting  lor  lOb.OOO  gross  tons  or  IK 
per  tent  ol  the  total  lost  by  enemy  action.  Mines 
accounted  lor  f>8,000  or  20  pet  cent,  aim  alt  for 
27,000  or  la  per  <eni,  surface  craft  lor  I  1,000  or  (» 
per  cent,  and  other  and  unknown  causes  lor  the  other 
7  per  cent  ol  the  losses. 

The  l.1  boat  appeared  definitely  to  be  the  main 
lineal  io  Allied  shipping.  The  <on\o\.  svsiem  had 


been  die  main  factor  in  keeping  the  slopping  losses 
fine  u>  U-boats  down  to  a  moderate  level.  Although 
the  number  of  Hritish  Asdic -lilted  antisubmarine 
vessels  increased  from  about  220  at  the  beginning  of 
t  lie  war  to  about  lf>0  at  t  he  c  nd  of  June  1 910,  most  of 
the  increase  look  place  in  trawlers  and  other  small 
ships.  The  -1  /ill  ships  consisted  ol  about  180  de- 
si  i  n\  c  i s,  about  of)  patrol  <  rail ,  and  about  2 1 fi  trawlers 
and  other  small  c  rail.  However,  the  number  of  these 
ships  that  could  be  spared  for  escort  duty  was  still 
insulin  irni  to  provide  adequate  protec  tion  to  the 
convoys.  The  hritish  had  been  fortunate  during  the 
lir.st  pel  iot I  that  the  enemy  had  only  a  small  number 
ol  t --boats  available  and  these  had  operated  in  a 
limited  area,  almost  all  the  sinkings  of  ships  occur* 
ring  in  the  \ortheasi  Atlantic  (east  of  20°  west  longi¬ 
tude  and  north  of  *10”  north  latitude).  This  Intel 
helped  to  make  the  escort  problem  easier  during  the 
first  period. 
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Chapter  2 

SECOND  PERIOD 

NIGHT  SURFACED  ATTACKS  ON  CONVOYS 
JULY  1940-MARCH  1941 


s.i  U-BOAT  OFFENSIVE 

r  j-mii-  xi-ci >m>  i ' i Iasi-,  ol  (hr  U-boal  war  was  marked 
A  li\  a  complete  duitigc  in  enemy  lai  lies.  I  hr  (in 
mans,  hardly  disc ovcrccl  as  a  resitli  of  tbcii  high  rate 
III  loss  dial  tlir  (  boats  wrl'r  ipiilc  vulnerable  lo 
Vsclii  when  submerged,  dri  idrd  lo  make  use  ol  llle 
boms  <>r  darkness  in  regain  l heir  relative  inv  isihilil y. 
Ai  night.  irimnird  down  on  t hi*  surface,  a  l'-hoai 
tillers  a  vet  v  small  target  lo  the  human  e\r  and  is  also 
lather  dilhiuli  lo  dricri  bv  Asdir.  I  hr  snrlaerd 
l '  boat  has  the  advantage  ol  high  speed  and  inanrn- 
vrrabililv  and  du-ii-lmc  has  good  i  bailers  ol  avoid- 
i i ! o-  i It: I e ( lion  bv.  the  estoi  is.  At  ling  on  this  principle 
and  ('in  onraged  by  die  results  achieved  ai  night  dur¬ 
ing  the  first  period  bv  a  lew  of  (he  more  siicccssllll 
C-bpal  tapiains,  die  U-boats  stalled.  in  July  It)  10. 
llle- general  pi  at  I  it  t*  ol  attacking  lonunv  al  niglil 
hum  a  snrlaerd  position  and  iliru  using  their  high 
surlate  sjieetl  lo  escape.  Ouasional  davlighl  attacks 
were  still  made  on  ships  sailing  iiitlependendy,  and 
on  si  i  agglers  li  onrc nnyms. 

/  \(  i  oinpanv  ing  ibis  change  in- the  enemy's  latiit  s 
(aim:  die  oitnpaiioii  ol  tin  French  poiis'ancl  llieit 
rci.iblislnnciil  as  l  '-boat  bases,  maiked  bv  llle  lilsl 
visil  ol  a  U-boat-  lo  I  .<>t  it  ill  oil  |  c . I \  1  lie  use  ol 

French  bases  sei  veil  lo  i  ill  down  die  H  aiisil  limeol 
die  l  -boals  and  enahled'  diem  lo  eSteml  dieir  area 
ol  opei  al  ions  luiliier  west  wal'd  in  (hr  A  Haul  it .  From 
his  ait  bases  ii|  I'lame,  the  eneiiiy  was  also  able. It) 
send  mil  long  range  rrionnaissaucc  ail  <  rail  lo  iwt  k 
up  t  oiivoys  in  die  Allard  ic . 

In  addition,  alien  die  lall -of  Frame  l line  devel¬ 
oped  die  lineal -ol  a  sea  borne  invasion  of  England. 
Ibis  tonfhicd  u  huge  nmnbei  of  destroyers  lo  die 
F.asl  and  South  i oasts  of  F.ngland  and  iousri|Ucnl  ly, 
as  die  number  ol  ships  available  for  convoy  esi  oi  l 
was  necessai  iiv  imiilrd,  iht-  t  .'-boats  ..ere  encouraged 
lo  allat  k  convoys  more  Ireipieni ly .  Ain  rail  were  also 
(liveried  Irom  am  (submarine  patrols  over  the  West¬ 
ern  Approai  lies  to  England,  where-  the  I'-hoals  were 
opr  rat  ing,  loam  i-inv  asion  pa  l  nils  to  I  lie  eastward. 


Some  Italian  (  .'-boats  had  also  started  operaiioii  in 
the  Atlantic  in  August  l!M0.  These  Italian  U-boats 
used  Bordeaux  as  a  base  and  followed  llle  same 
methods  as  Get  man  U-boats.  presumable  working 
directly  under  (ierinan  orders.  Their  operational 
areas  were  usually  sou i  h  ward  of  die  ones  used  bv  I  he 
(ierman  (/-boats. 

Increased  U-boat  attivilv,  which  bad  roirtniciiced 
in  June  KUO,  cmuiniied  iliroiiglioul  July  and  August 
with  over  200,000  gloss  tons  of  shipping  being  sunk 
in  each  ol  those  months.  (Ip  to  die  middle  of  July, 
ihemosl  active  area  was  still  ilu*  Western  Approaches 
between  the  latitudes  of  IS’  north  and  51’  north. 
A  ft  i  r  die  threat  ol  ai)  aloick  fiom  liendi  liases  had 
led  in  die  r<  routing  of  British  convoys  around  the 
north  of  England,  the  I  dxials  lost  no  time  in  shilling 
their  area  of  at  liv  iiy  to  the  A'orlhweslci  n  Approaches 
to  meet  the  increased  trallic  there.  This  activity  was 
marked  by  increased  attacks  on  tonvovs  while  anti- 
siibinariiir  escorts  were  actually  picvltl,  out  these 
ai  lac  ks  vyere  genera  1 1  v  on  large  c  onvov  s  which,  owing 
lo  the  shortage  ol  escort  vessels,  were  guarded  byoidy 
aboiil  two  Vsdii dniedsliips. 

On  August  la  Germans  proclaimed  a.  complete 
bloc  kade  o!  the  British  Isles  and  c  ailed  upon  neutral 
govc-rnmems  to  forbid  their  ships  to  sail  through  the 
Anglo-German  war  /one.  I'-boal  aelivit.v  was  ecue 
siderablv  intensified,  alter  that  dale  and  tire  shipping 
losses  coni  iluietl  loimica-se,  with  about  ,700,  ()()()  gi'o.,s 
tons  being  slink  by  l  -boats  in  .September,  and  a  new 
high  for  the  war  was  readied  in  Oclobcr  when  (>2 
ships  of  .‘M(i,()fl0  gloss  tons  were  sunk  by  U-boats.  'I  lie 
scene  of  greatest  activity  during  diese  months  was 
still  the  Northwestern  Approaches,  with  night  at¬ 
tacks  on  convoys  being  the  most  favored  method  ol 
attac  k  by  the  U-boat.  Ol  the  5!)  ships  attacked  in  this 
area  iii  September,  It)  were  ill  convoy;  71  per  cent  of 
the  total  were  night  attacks.  The  concentration  of 
aggressive  operations  into  the  period  of,  and  imme¬ 
diately  following,  die  lull  moon  was  especially  no¬ 
table  during  October  wlieii  .">  ’  ships  were  attacked  oil 
October  18  and  Id. 
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ll  should  Ik*  Kept  in  mind  that  dm  ini*  these  months 
of  heavy  losses  the  ;i\erai*e  number  of  U-boats  at  sea 
was  still  only  about  six.  This  means  that  ten  ships  <>! 
about  (>0.000  gross  Ions  were  sunk  by  I  he  average 
I ’-boat  at  sea  during  October  10-10,  probably  an  all- 
time  high  in  operating  ellicioney  for  submarines.  In 
addition  to  inflicting  these  heaw  losses,  the  l'  boats 
were  almost  invuriablv  esiapi.iig  unscathed,  as,  ior 
example,  in  October  when  only  one  l '-boat  was  sunk 
in  the  Atlantic.  These  were  the  da\s  when  the  star 
German  commanders  (I'-hoal  aces)  such  as  Print 
and  Kretschmer  were  opetating.  These  aces  had  xur- 
\ i\e*l  i In*  hazards  ol  operating  dtirittg  the  first  period 
and  had  profited  fiom  the  experience  gained  then. 

I  h.e  l  -boats  making  these  night  attacks  on  tonvoys 
wi  re  c,, a: rating  iniliv  idtialb  and  usually  onlv  one  or 
two  l  '-boats  would  lie  involwcl  in  t  he  at  Lack.  Despite 
this,  some  ol  the  < on\o\s  sullered  rather  heavy  losses, 
as,  lor  example,  ll\  7!),  which  lost  12  ships  to  two 
(•‘-boats  in  one  night  in  October. 

The  lion na I  pi u<<  dine  for  (’-boats  attar  king  < on 
wns  at  this  time  seems  to  base  been  as  lollows:  1  he 
('-boat  gained  i  oni.it  t  with  the  com  on  dining  the 
dac.  either  as  a  result,  ol  lepmts  horn  long-range 
German  recoil  naiss;.m<e  aimalt.  reports  from  other 
(‘-boats,  or  h\  sighting  smoke,  and  then  pt ot ceded 
to  shadow  the  <omo\  at  \isibilil\  distance  on  ihg 
how  or  beam.  When  dai  kness  had  lalleii,  the  l'  boat, 
it  iimneil  down  on  the  sin  lac  e.  c  loscd  the  <  nm o\ .  and 
eiidcasoicd  to  teach  a  position  Inoadoir  its  how.  She 
kept  mu  catelul  watch  loi  l  he  esc  oi  is  and  endeav- 
ole'd  to  pass  aslel  n  ol  those  staiioiu-d  on  the  how  ol 
i lie  c bn \  o\ I  he  appibat  h  was  pressed  borne  as  (  lose 
as  the  1  boat  c apiain  clai ed.  anti  it  is  possible  that, 
in  S'lniie  case's,  a  hi  nig  lange  ol  about  (i()(l  nils  . was 
aihii-sed. -Having  leached  a-  firing,  position  on  the 
beam  ol  the  lomov,  most  l .‘-boats  in  <  teased  id  full 
spee/J,.  fired  a  salwi  ol  lour  lo»  pedoes.  tin  lied  a  wav 
still  ai  lull  .speed,  filing  sicril  lubes  il  possible,  and 
ret  ired  as  rapidls  as  possible*  oil  the  ^iii  lace  in  (he  <li 
lection  (onsidered  safest.  I[  their  retreat  was  unseen. 
the\  might  reload  their  tolpedo  iiiIhsom  the  mu  lace 
and  attack  again  in  the  same  manner  later  in  the 
night. 

•|  I . . I . .  :..n:  .  -i  --  i.  • 

iu».  hi  umovkiiiki^  iiiiim  ku  mi  hi  nnn  uiiimi'i  iiv 

lln-sc  IK  iv  U  boat  lai  I  ii  s  c  aust-d  a  c  nnsidt-rahlr  mini 
1)1-1  ol  changes  Id  Ik-  made  ill  llu-  roimiu,  The  spac¬ 
ing  ol  i lie  loinoy  columns  was  opened  up  in  reduce 
llu:  chance  ol  inure  than  one  ship’s  being  liil  hv  a 
salvo.  Ksforls  were  sialioned  larllicr  avvav  Irom  tin. 


convoy  and  new  plans  were  developed  lor  searching 
ior  die  ti-boal  with  illuininanls  following  attack.  T<: 
improve  die  tactical  cllirieiicy  of  die  cscoils,  these 
■ships  were  lurined  into  groups  and  as  far  as  possible 
ships  of  one  group  were  to  work  together.  Admiralty 
look  over  the  responsibility  for  the  routing  of  all 
oceangoing  convoys,  thus  enabling  emergency 
changes  lo  he  made  wiilmiii  delay.  In  addition-,  great 
elions  were  made  to  equip  all  convoy  escorts  willi 
radar,  which  would  enable  them  to  locate  U-boats 
on  i lie  surl at esi i  night  outside  visibility  distance  and 
possibly  before  they  could  attack  die  convoy. 

Hv  November  I'.IIO  l.orient  bad  become  die  prin¬ 
cipal  I  '-boal  base  and  during  ibis  moiilli  one  Ger¬ 
man  l  -Itoai  bad  left  (bis  port  and  gone  as  far  south 
as  l'lceiown.  sinf  ing  (our  ships  in  three  dav.s.  N'ovcin- 
Ih-i  was  also  marked  by  several  heavy  air  allaeks  on 
die  ports  ol  I  .oriel 1 1  and  Bordeaux,  which  were  con¬ 
sidered  lo  have  tnllitied  severe  damage  on  both 
I  -boats  and  ilieir  bases. 

I  he  first  known  successful  counterattack  against 
die  Gt-i  man  method)  of  nighi  attack  oil  convoys  oc¬ 
curred  on  November  2 i  afic-i  two  ships  of  convov 
OH  211  bad  been  torpedoed,  file  British  corvette 
I  IMS  llhududriidroii,  stationed  astern  as  a  rescue 
ship,  .sighted  an  object  momcniarih  at  a  range  of 
I  add  vmds  about"  an  hour  alter  the  torpedoing. 

I  lin  e  mintiles  later  Asdic  eoulaci  was  gained  and 
.  ilit-n  depth  i  barges  were  dropped  with  the  resuji  dial 
c  onsidc  i aide  nieiallic  .vvrec  kage  and  ceil  were' -blown 
in  die-  sin  fa.c  e. 

Iliis  successful  c  ouuleii-jliac.k.  plus  I  he  loss  of  two 
odit  i  I  -boats,  mjghi  account  i.n  jiari  lot.  die  reduced 
Jiunruei  ol  attacks  on  esiorted  tonvdvs  in  N’ovoiiibcr 
and  I  )<-<  emlici  I !)  10.  Ih-avv  winter  weather  in  the 
,  Noiih  Atlaulii  was  piobahlv  also  a  lac  lor  in  aeconnl- 
ing  ioi  t.llc  dc  t  lease  i,li  Shipping  losses  to  f -boats,  as 
onlv  I .>(1.(111(1  gloss  ions  wen-  sunk  in  November  and 
2(10.(1(10  gloss  inns  in  I  tec  cinbi-l . 

I-, ally  in  Iteccmln-i  a  wcsierlv  movt-meiil  of  die 
I  -boats  hcc  aim  mil  ii  cable,  willi  IIIOM  of  lllciu.sla- 
i  'oiled  as  la  i  mil  as  20  west  longitude.  This  may  I  lave 
been  due  in  pail  lo  (ansi  d  (Jour maud  living  and  in 
pan  lo  an  atlcmpi  in  inn-Mi-pl  iuc (tilling  convoys 
b.  loir  oil-  .mi  Isubni.il  i||<-  escort  joiltf'ci.  I  tcivvi'vi'l , 
(Ills  acl ually  i>u  te.iscd  I  he  c  lie  lily's  cl  illicit  ii  y  in  locat¬ 
ing  c OIIVOV  li u flu  . 

As  a  c  < nml ci  lo  I  In-  lac  I  dial  l  '-boa is  in  die  Norlh- 
vvc-slc-rn  Appmailn-s  had  been  allacking  British  con¬ 
voys  in  longiiiidcs  20  to  2T  west,  which  is  an  area 
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beyond  the  poini  which  could  in  leached  h\  ihc 
escorts  new  evasive  routing  maMircs  were  adopted 
in  December.  I(  was  dec  ided  to  make  use  of  dispel 
sion  in  the  maximum  extent  that  die  endurance  ni 
melt  ham  ships  permitted,  and  I  he  mule*'  nl  the  <  nil 
1  c>\s  were  spie.id  between  t»‘>i  [»"  and  :t1  1  toil  ft  lali 

Hide.  I  he  cvclcs  of  cnlivovs  were  also  opened  out, 
with  I  hi'  object  of  reducing  the  strain  on  escorting 
Ion  is. 

Jh  is  i  It  omul'll  « I  i\  el  si  on  o!  t  ni  i\  u\  j  notes  set  ms  i<  > 
have  been  tin  main  factor  in  the  reduction  of  ship 
pin**'  losses,  just  as  it  had  been  in  World  War  I.  ,\n 
attacks  were  made  on  escorted  convov s  bom  Decent 
ber  1910  until  January  29,  Id  1 1,  and  tlu-  shipping 
losses  to  l*  boats  in  |anuar\  dropped  to  21  ships  ol 
127.1)00  i»ii iss  tons,  the  lowest  figure  since  the  (let 
mans  aniioutic ed  their  intensified  l*  boat  campaign 
in  Mas  Id  10.  This  oc <  in  red  di  spite  i lie  lac  t  that  i lie 
average  number  nl.  I '-boats  at  sea  in  the  Atlantic  had 
increased  to  about  12.  Most  ol  the  ship',  lost  dining 
these  two  months  wrie  not  in  convov.  since  the 
I'-boats  had  dillicnltv  finding  convovs  and  lesoiicd 
to  the  much  easier  task  ol  picking  oil  sttaggleis  m 
ships  sailing  independem j\. 

I  he  month  ol  Fcbruarv  l!M  I  opened  with  a  con 
I  ill  nation  ol  the  c  ompaiaiivr  lull  in  l  ’-boat  ac  ti  \  i  r  v . 
Kvasive  muling  had  liusiiand  the  noitnal  Get  man 
“hit  and  tun  *  method  of  nig  hi  at  lac  k  on  i  he  r  oimnv 
Mowevei.  it  lui  ;mic*  v h  ar  in  J-cbmaiv  dial  this  had 
provoked  intensified  eiieinv  ofletisive  ine.iMiKs.  in 
the  lorui  ol  gicatet  c..oopet  at  ion  Utuien  aiici.ilt  ami 
l  -boats,  and  spec  i.d  scale  liing  patmls.  I  he  d.ivs  c;l 
Woll  pac  k  attacks  V\c  le  lot  esll  a  do  wed  as  the  l  -boats 
stalled  operating  in  .sg'ioups  ol  ihiee  n»  live.  <  ac  h 
l  boat  being  giv rn  a  limited  patrol  aiea  wiild'n  the 
wider  ai  c  a  c  o\ et.ed  b\  tin- gi  on  p.  I  he  In  si  \  boat  to 
gain  contact  shadowed  the  comm  while1  ol  hers  wei  e 
ordered  to  colic  elili  ale  ill  a  posilje/it  to  .iliac  k.  I  lie 
shadnwei  list  lid  I  v  ein  irted  t  adio  signa  Is  to  home  bi  Inf 
l  -boats  or  aiu  Kill  n»  the  attack,  similaib.  aim  all 
wet e  able  to  home  1  '-boats  to  a  <  miv ov . 

( ioopet a l ion  between  l  boats,  aim. ill,  and  sin 
lace  <  i  alt  is  well  illusttated  b\  the- attack  on  ll(»  .V‘i, 
consisting  ol  21  ships  esco)  led  b\  one  sloop  and  one 
destj.oui.  Ihe  convov  was  at  linked  In  a  l '-boat  at 
t)  I  .'>f)  <>n  I'eblu.nv  9,  two  ships  being  sunk.  Ihe 
U-boat  (omiimrd  to  shadow  the  convov  and  prob- 
al>Iv  homed  si\  Foe  kc-W'tilf  airc  i all  To  it  during  the 
aim  noon  ol  die;  Dili.  Five  ships  wetc  bombed  and 


sunk  while  one  plane  was  shot  down.  The  U-boat 
continued  lo  shadow  ihe  convoy  and  again  attacked 
on  the  I  Dili,  sinking  one  ship.  Afier  this,  she  main¬ 
tained  touch  with  Ihe  convoy,  reporting  its  position. 
Her  ieporis  wen-  evidently  intended  for  a  (German 
"flipper'’  class  cruiser.  While  closing  MCi  53,  this 
cruiser  came  upon  ihe  unescorted  slow  portion  of 
NI.  hi  and  ditn  led  her  attack  against  ihiseasv  target, 
sinking  seven  ships. 

Three  other  comovs  wen*  attacked  by  U-lioais  in 
the  last  week  ol  February,  and  as  the  month  drew  to 
an  end.  with,  the  losses  mounting  to  ;Mi  ships  of  189,- 
000grcissloiis.il  was  evident  that  t  lie  expected  spring 
offensive  of  the  ('-boats  had  commenced.  The  aver¬ 
age  immbei  ol  U-boats  at  sea  in  ihe  Atlantic  rose  U> 
Hi  in  March  and  these  included  some  of  Germany's 
most  skiillul  l  ’-boat.  c  a  plains.  Their  ladies  included 
a  repetition  ol  the  <  oik  end  -a  ted  night  attacks  upon 
con vc a s,  and  six  ccmivovs  were  attacked  (luring  the 
month.  J  In  upward  iiendol  shipping  lost  by  U-boat 
at  i  ion  reported  in  Fchi  uarv  was  maintained  during 
Hbnc  h  with  the  total  looses  l eat  hing  10  ships  ol 239,- 
000  gloss  tons.  I  hc-se  losses  were  considerably  less 
than  those-  refolded  during  September  and  October 
1 9  ID.  die  Iasi  pi  ev  ions  pea  and  of  intense  l  M>oal  acliv 
its.  and  weie  not  <  on>ic!<  ted  unduly  alarming  c.onsid- 
eriiig  the  lac  I  that  the  number  of  U  boats  at  sea  in 
Manli  19  II  was  mote  than  twice  as  great  •  as  in  the 
eat  lie  i  pc  t  iod. 

Mote  enc  out  aging  was  the  evidence  of  the  in- 
cic'ased  eliicieiicv  ol  ant isnbmariiu  c.'-mris  and  ol  the 
i.ic  i  that  f  -boats  whb  h  a!  lac  ked  adecjiiatelv  esCOited 
<  ouvovs  c  (Mild  he  deaf  I  with  effect  iv  el  v.  This  evidence 
was  c  leaf  l\  demonstrated  In  ihe  loss  in  Germany, 
eluting  '.Match,  ol  lu  i  three  outstanding  U-boat  f.Ue,; 
(Ihien.  Kiel  sc  Inner,  and.  Nrhepke).  the  lop  three 
U-boat  captains  in  terms  ol  tonnage  sunk,. each  hav¬ 
ing  inoie  t hai.i  200.000  gross'  toms  ol  shipping  to  his 
(  )  eel i f . 

Flint,  eoiniiiandci  ol  U  17.  was  the. .first  to  he;  lost 
as  a  lesuii  ol  liis  attack  on  GottVov  OH  29a  when  lie 
sank  one  ship  shonlv  alter  midnight  on  Match  8, 
191  I.  1 1  MS  \Yni,'ninr.  one  <>i  the  escorts,  sighted 
smoke  about  20  minutes  alter  ihe  attac  k  on  tlu*  coti- 
VoUand  snbsc-cinc ml  I v  made  c  oiiiafi  n  idi  i!i«;  U-boat. 
The  l  boat  was  attacked  lor  over  live  hours,  during 
wliic  h  i  iiii c  there  ore  Hi  red  a  remarkable  chase  of  the- 
t'-boal  oil  the  stu  face  lor  over  an  hour,  before  it  was 
final  I  \  c  onsidc  red  sunk.  There  were  no  survivors  but 
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prisoners  of  war  horn  U  boats  sunk  subsec|uent ly 
have  supplied  information  Irom  which  il  is  believed 
that  the  Wolverine's  attacks  wire  made  on 
coimnaiided  bv  Prien.  Beilin  subsequently  admitted 
the  loss,  of  Prien. 

II- 100  (St  hepke)  and  U  00  (Kiel.sc  hnier)  were  both 
sunk  as  a  result  of  t  he  attack  on  ( '.mivov  !  I  X  llli.  dur¬ 
ing  which  live  ships  were  sunk.  I  MOO  located  the 
convoy,  which  had  been  reported  earlier  by  U-99,  on 
the  evening  of  March  lb.  l  ater  she  sighted  a  de¬ 
stroyer  astern  and  dived.  At  01,17  on  the  i/th.  I  IMS 
Walker  obtained  Asdic  contact  and  attacked  with 
depth  charges.  Three  further  depth-charge  attacks 
were  carried  out  bv  I  IMS  I'amte  and  I  IMS  Walker 
before  contact  was  lost  at  02f>0.  Meanwhile  l’- 100. 
which  had  been  considciabb  damaged  b\  the  depth 
charging,  had  surfaced.  While  the  escoits  were*  pre 
paring  to  take  station  lor  an  organized  search, 
runta's  radar  operator  reported  a  contact  1000  yards 
away  aiid  l5 -100  was  subsequent  lx  sighted  oil  ihc-sur- 
lace  and  rammed  bv  I  IMS  I'anor.  Srhrpkr.  who  was 
caught  and  crushed  between  the  sioxe-in  side  ol  the 
bridge-  and  the  periscope,  was  cat  lied  down  with  the 
sinking  l  ’-boat. 

While  I  IMS  I’dnoe  was  picking  up  surwvms  ol 
1*101).  I  IMS  Walker  obtained  Asdic  contact.  Al 
i hough  it  was  considered  unlikeb  that  anoilin 
l  ’-boat  would  remain  so  c  lose,  the  Asdic  opei  atoi  was 
so  c  onx  inc cd.  t.hat  he-  had  a  sitbmai  ine  < otitac  I  i hat 
I  IMS.  II  Hike)  bred  six  depth  charges.  I  hisauackwas 
extremely  accurate  and  brought  I’  99  to  the  surlacr 
almost  at  once.  Both  drshoxcis  opened  Isle  and  1  99 
was  abandoned  short!)  aluiwaul.  with  Kretschmer 
and  other  stirs  ivors  taken  as  pi  isoners.  Ki c  tsc  fnnei 
had  bec-n  quite  sue  c  c-sslul  ..up  to  1 1 1 ; ,« l  point  as  hr 
c  laiiiied  a  record. total  ol'Kii. ()(.)()  tons  ol  shipping  sunk 
on  this  last,  c  ntisc*.  while-  his  total  '-linkings  had 
reached  1 1K. 000  gloss  toils,  mole,  than  am  othci 
l "  boat  c aptain. 

I  hei  e  were*  immediate  indie  a  lions  that  the  cnenix 
was  sevcielv  shaken  b\  tile-  lesulls  •  »l  l»is  attacks  on 
adccjuateh  esc  oiled  consovs.  The  mils  subsequent 
attack  during  the  nioillh  was  made  lar  west  helore 
the  aiilisuhniai  ine  escort  had  joined,  when  three 
ships  were  an  ok  bom  ! !  X  !!r»m  l,<>  west  longitude, 
lie-side  the  ell  eel  on  the  tactics  and  operations  ol 
l ’-boats,  the  loss  o I  three  ol  Oennanx’s  most  skillful 
l  -boat  commanders  must  have  had  a  pmlouud  ellrci 
on  l ’-boat  morale. 
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The  high  pei  t village  ol  hits  obtained  b\  U-boats 
in  night  attac  ks  made  it  nrecssarx  in  November  1910 
! c >  increase  tlie  distance  apart  of  convoy  columns 
Irom  about  li()()  \ards  to  about  1000  vards.  The  dis¬ 
tance  between  ships  in  the*  same  column  was  about 
100  vards.  In  December  Mill)  the-  distance  between 
columns  during  the-  dawinie  was  reduced  back  to 
000  \arc|s  to  inn  ease  protection  against  air  attacks. 

To  counter  the  heaxv  losses  sulk-red  as  a  result  ol 
the  night  alt  neks  bv  surfaced  U-boats  in  September 
and  ( )c  i  olier  1910  the  esc  oris  were  slat  ioned  in  posi- 
i ions  down  each  wing  at  a  greater  distance  irom  the 
con  vox  than  before.  In  the-  event  of  an  attack,  they 
were  insijiKted  i<s  proceed  outward  from  tlu:  convoy 
lot  a  distance  of  10  miles  at  lull  speed,  (it  mg  star  shell 
to  illuminate  the  area  where  the  L'-boat  might,  be,  in 
an  .Hi dipt  to  sight  he*  o:  force  her  to  submerge, 
iheicbx  imptox ing  the  chances  ol  \sdic  deietiion.  If 
contact  was  made,  two  escoits  were  to  hunt  the 
U-boat,  while  the  trmuindcr  xvete  in  rejoin  the 
com  o\ . 

I.atct,  when  ladai  equipped  escoits  became-  avail¬ 
able,  tliex  weie  slaiioiU'd  otic-  on  each  beam  ol  the 
corn  ox.  about  I  miles  horn  it  in  mder  to  axoic.l  hack 
echoes  1 1  <  mi  i  he  com  ox  on  I  he  i  adat  set .  I  he  beam 
esc  nits  woe  to  strain  on  tile  same  and  opposite 
cotiises  as  the  coti.xov.  zigzagging  as  ic  cpiisite  lot-  sell 
projc-c  lion.  Another  method  ol  sweeping,  which  was 
mulct  li.ial  in  ordei  to  ellec.1- an  econojisx  in  hfel,  was 
lot  lher.se  oil  Install  a  slow  tutu  oS  .*#<>()  when  in  a 
■  position  abeam  ol  the  leading  ships,  thus  sweeping 
outwards  and  astern  at  about  I  .per  second,  and  on 
com  |  Me  I  .ion  assuming  station  abeam  ol  the  rear  ships. 
I  he  t  rm  a  me  lei  ol  t  he  esc  oils  woe  disposed  as  before, 
but  we  t r  insit  tided  to  bear  in  mind  mai,  at  night, 
the  rear  wing  positions  were  the  most  important  and 
i hat ,  in  the c* ven l  ol  a  l  ’-boa I  aide  k, st ai  shell  searches 
were  to  he  made  in  I  he  i  ear  ol  I  he  c  onvov  also. 

Bv  the:  beginning  ol  this  pet  iod,  i i >  |ul\  1910.  the 
coiixox  sxslem  was  lulls  established  and  most  oT  the1 
siihsecjuent  changes  were  made  necesstiry  by  enemy 
ac  ( i  x  i  I  \ .  Tin’s  max  again  lie  illustrated  by  rout  inning 
I  lie  -  history  ol  i  lie  n  ansa  t  lain  ic  1 1 X  ton  vox  s,  the  main 
line  of  stipplx  to  England.  Be  sides  the  serious  U-boat 
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threat.  eneim  :  t  i  r  ;uul  surface  «  rail  activity  a  Iso  had 
their  effects  on  I  lu  st*  convoys. 

Tlu*  First  I IX  convov  to  be  routed  around  die 
north  of  England  in  July  1910  made  a  rendezvous 
with  die  local  am  isubiiiarine  escort  ai  abom  17°  west 
longitude.  Slow  convoys  lo  include  ships  between 
7 1, v.  and  9  knois  were  organized  in  Aligns!  in  assemble 
ai  .Sydney.  Nova  Semin,  and  were  designated  SO.  f  ids 
reduced  the  NX  convoxslna  reasonable  size  of  about 
!a  ships.  !  hi'  ilX  convoys  sailed  on  a  i-clay  cycle, 
while  i.he  SO  convoys  were  oil  an  8-clax  eyrie.  In  I)c- 
ecinber,  Sxdnev  was  abandoned  as  a  convoy  assembly 
port,  Inn  the  SC  convoys  were  lo  comimie  lo  sail 
li  om  1  lalihix. 

In  order  to  cMcud  die  am  isubiiiarine  escori  I  in 
tiler  wesi ,  die  convoy  inn  rvals  were  lengthened,  with 
I IX  convoys  sailing  at  allernaie  (>-  and  1-day  inter 
vals,  while  die  SO  nimms  sailed  at  l()-dav  intervals. 
In  addition.  I.och  Kwe,  in  the  northern  part  ol  Son- 
land.  was  .started  as  an  assembly  port’  lor  ships  on  the 
east  coast  of  England.  and  destroyers  seising  as  anti¬ 
submarine  escorts  win-  able  to  refuel  there  and  oper¬ 
ate  I m  l her  west. 

Ill  February  II)  I  I .  i wo  1 1 X  < onxnxs  were  routed  on  . 
a  southern  cuut-sc  but  lieaw  ajr  attacks  resulted  in 
these  convoys  being  rerouted  lo  the  north.  Following 
an  atiac  k  by  a  mu  hue  ta-idc  i  and  die  sighting -ol  two 
C ici  man  bait  le  1 1  niseis  in  i  he  At  lain  it.,  ii  was  dec  idc  <1 
lo  give  <  lose  bail lesliip-< o\ er  in  all  I  lalihix  convoys.. 

I  his  lineal  ol  sin  lace'i aideis  also  lt  d  to.  dir  disc  on- 
l  in  ua  i  ii  e  of  die  Met  liiuda  set  1  ion  ol  I  f  X  c  on  vox  s  and 
ships  vvcle  milled  independently  lo  die  llalilax 
assembly. 

Ih  il'isly  <  olixox.s  w’rlr  jhiic  h  lender  hit  during  ibis 
second  period  than  in  thc-piey ions  pel  iod.  I  he  num¬ 
ber  pi  ships  comoved  iiioiidilx  imieasc.il  >o  about 
Shot).  will),  lib  ol  ihese  Ining  sunk,  mdndilx  bv 
l  -boats  (l!»  in. ‘esc oiled  convoys,  .‘j  in  unescoi  led  ron- 
vovs,  and  M)  stragglcix).  I  his  meant  that  die  total 
foss  rate  to  U-boats  was  abom  0.7  percent,  more  than 
three  limes  as  high  as  in  the  earlier  period. 

Moreover,  die  I. IX  and  SO  convoys  sailing  across 
the  Adamic,  to  England  were  nine  1 1  harder  hi i  than 
oilier  convoys.  Ol  the  .-Rif)  ships  sailing  mondilv  in 
these  convoys  (oidv  Ml  per  cent  ol  die  lot  a  I  convened 
shipping),  about  I  I  ships  were  sunk  mondilv  by 
l  -boats  {over  .70  per  cent  ol  die  total  losses  of  con- 
voxed  shipping).  I  lie  joss  rale  lo  U-boats  on  these 
vital  convoys  was  abom  j  per  cviil,  more;  than  jive 
finics  as  high  as  lor  all  convoys. 


Despite  these  high  losses  in  convoys,  the  chances 
of  being  sunk  by  a  l '-boat  were  still  higher  for  inde¬ 
pendent  !v  muled  ships.  ( lomparable  figure's  are  avail¬ 
able  for  shipping  passing  through  the  Northwestern 
Approaches  during  die  b-month  period  from  Sep- 
leiiiher  1910  through  February  19-11.  About  80  per 
cent  of  the  total  losses  lo  U-boats  occurred  in  that 
aua.  Of  the  f  180  ships  sailing  through  this  area 
monthly  in  convoy,  abom  29  were  sunk  monthly  by 
U  boats  for  a  loss  rale  of  about  2l/,  per  cenl.  Of  the 
70  independently  routed  ships  sailing  through  this 
area  monthly,  abom  liiree  were  sunk  monthly  by 
U-boats  lor  a  loss  rate*  ol  about.  I  per  c<  m.  In  making 
ihis  com parison,  one  should  keep  in  mind  that  die 
ships  sailing  independent  iy  were  generally  capable 
“I  making  a  speed  of  at  least  Li  knots,  much  higher 
than  the  average  speed  which  ships  sailing  in  con¬ 
voys  were  capable  of  making.  '.Fin's  means  that  if  all 
shipping  had  sailed  independently  the  loss  rale 
would  probably  have  been  much  higher  than  die 
■1  pel  mil  experienced  In  [he  select  group  of  ships 
dial  sailed  independently. 

2,2,2  Aircraft 

Dming  the*  second  period,  increased  use  was  being 
made-  ol  aircral]  as  a  counter  to  U  boats.  Though 
sullc  ling  horn  many  limitations  lor  antisubmarine 
<>pei  at  ions,  die  airplane  possesses  ob\  ions  advantages 
denied  to  surface  cl  all  (e.g.,  speed,  cheapness,  large 
held  ol  vision,  and  economy  ol  personnel  and  ma- 
n  iic-jy  A  l  Mjoai  on  i he  vurlac c  c an  rt'lv  on  the  fact 
dial  she  will  almost  certainly  sight  an  encmv  ship 
before  she,  herd’ll.  is  seen.  I  lowew  r,  sire  must  always 
ke  e  p  a  \  igilam  lookout  against  being  surprised  bv  a 
plane  sweeping  down  out  of  du;-  c  loitds. 

In  an  attempt  lo  improve  the  lethality  of  aircraft 
ai  lacks.  Coastal  'Command  tried  using  naval  deplli 
charges  modified  for  air  use.- Sunderland  aircraft 
slatted  carrying  both  depth  (barges  and  bombs  in 
July  I!)  i().  The  first  success  of  this  new  Weapon  came 
on  Angus!  Mi  when  a  U-boai  was  severely  damaged  as 
a  result  ol  a  depth-charge  attack.  File  Sunderland 
plane,  carrying  l wo  depth  charges  and  four  250- 
poimcl  antisubmarine  bombs,  first  dropped  a  sinide 
depth  charge  set  lo  explode  at  a  depth  of  100  feel 
about  20  yards  ahead  ol  die  conning  tower  of  the 
submerging  U-boat.  I  he  U-boat  was  forced  lo  the 
surface  and  two  minutes  later  die  second  depth 
charge,  set  for  150  feci,  was  dropped  about  20  feet 


CONFIDENTIAL 


COUNTERMEASURES  TO  THE  IMIOAT  13 


ahead  of  the  miming  tower.  The  U  boat  was  again 
blown  in  the  surface  and  was  then  observed  to  sink 
sidewavs.  On  the  third  attack  die  stic  k  of  four  bombs 
was  dropped  on  the  submerged  l ’-boat.  Air  and  oil 
i  ante  to  the  surface.  In  view  of  the  initial  successes 
of  depth  charges,  steps  were  iminediateb  taken  to 
modify  other  Cioastal  (ionnnand  aim  aft  iu  order  to 
enable  them  also  to  cany  depth  charges.  It  was  ex¬ 
pected  that  the  lethal  \a!ue  of  aircraft  attacks  on 
l  '-boats  would  he  considerable  increased  by  ibis 
c  hange. 

The  night  attacks  on  eonvms  led.  in  September 
1  0  10.  to  the  fit  I  ing  of  radar  to  I  he  a  in  raft  of  ( "oast  a  I 
C  lominand  and  the  l*lec:l  Ait  Ann.  This  was  supposed 
to  he  espec  iallv  valuablv  lor  detect  ing  l  ’-boats  on  the 
surface  at  night  and  it  was  hoped  that  this  would 
make  it  possible  to  operate  aircraft  at  night  lot  con¬ 
voy  escort  work.  It  was  also  intended  to  provide  the 
maximum  ait  escort  lor  the  three*  horns  before  dark¬ 
ness  falls,  as  this  is  the  period  in  with  It  l1  boats  could 
be  found  in  shadowing  positions  preparatniy  to  t lu¬ 
ll  igh l  attack. 

Alter  die  c:\asi\e  tout  ing  ol  shipping  had  led  to  the 
start  of  woll-paek  tactics  in  IVbiuaiy  Mill,  tin- 
shadowing  (’-boat  became.*  the  main  problem.  1  las¬ 
ing  contacted  a  coitwix,  the  I  boat  look  gteal  <  are 
not  So  reveal  he  r  presence  by  attacking  in  dax  light, 
but  shadowed  the  conxox  at  some  dispone.  I  lieie 
was,  theiclote.  onlx  a  small  chance  ol  the*  limited 
'number  ol  CM  Oils  discovering  these  (  boats  and  this 
task  lei, I  .to  the  esc  oiling  aiicialt.  In  view  ol  this  it 
was  dec  idee  I  to  i  citilot  c  c  t  he  nmnhcT  nl  (  oaslal  ( '.om- 
inand  airnafi  available  lor  escort  <luix  in  I  he*  Not  tip 
western  Appioac  hrs.  (  ioiisidc  i at  ion  was  also  given  to 
till*  problem  ol  evolx  ing.  I  he  best  upe  ol  aimal.i 
patlol.  mini  (I  ill'  -  col! vov.  to  prhxeiil  I  lie  t  '-boat  liom 
shadowing  it.,. 

Despite*  1  he  c  lit  failnu  nl  ol  routine  antisubmarine 
patrols  in  lax  or  ol  anti  invasion  patrols  during  ibis 
period,  the'  axel  age*  number  ol  hours  Mown  monthly 
by  Coastal  f 'omnia nd  aiicralt  oil  antisubmarine 
duties  increased  hv  about  1000  horns  oxer  the  pie- 
\  ions  pet  iod  to  reac  h  tk'500  hours,  a  1 00  hours  on  c  on- 
\ov  escoi  t  and  l‘_!00  hours  on  patrol.  I  he  number  ol 

II..: .  I . . I-  . .  ■  -I  ;  - 

lit  uc  iii.hii.i  ■-in  iiiimui/nnii  irn  <  i  t « • 

about  101)0  dm  mg  ilic  winiri  mom  I  is  ol  December 
1010  and  |;mii;n\  1*1-1  i ,  due  to  It mgt-r  hours  of  dark- 
ili  '.'.  and  poorer  weal  In a  .  Hv  Marth  1011  il  was  again 
ii|i  Lo  about  8000  liouis.  I  Ill’s  increased  amount  ol 
Hying  was  It  ss  prodm  live  than  during  the  Ill's l  period, 


as  the  number  ol  sightings  made  monthly  dropped 
to  about  M  and  the  attacks  to  about  8.  This  decrease 
in  the  number  til  sightings,  despile  the  increased 
number  ol  U-boats  at  sea,  was  due  mainly  to  the 
inovemenl  of  (he  U-boats  furlher  westward,  out  ol 
range  ol  much  ol  the  living.  Again,  about  II)  per  cent 
of  the  attacks  resulted  in  some  damage  to  the  U-boal. 
but  the  lethality  ol  l he  attacks  improved,  as  two 
(alioti!  ’i\/,  per  cent)  ol  the  attacks  resulted  in  (he 
prohah!  :■  sinking  of  a  IJ-boal . 

Scientific  and  Technical 

Gonsi  lerablt:  resettle! t  was  done  during  this  period 
on  impioving  Asdit  sets  with  one  of  the  chief  goals 
being  tl  e  development  of  practical  depth-determin¬ 
ing  getn  .  Very  little  progress  was  made  on  this  dilfi- 
<  tilt  problem  and  the  only  immediate  solution  was 
the  use  ol  larger  depth-charge  patterns  to  rounlcr- 
halatue  the  large  eliecl  of  the  unknown  factor  of 
depth. 

Another  scientific  development  during  this  period 
Wits  the  extensile  use  of  high  frequency  -  direction 
finding  [  1 1 !•'/ 1 >!■' ]  towards  the  end  of  KUO.  alter  Ger¬ 
mane  had  acquired  the  I'l  enc  It  bases  and  the  U-boats 
had  started  widespread  operations  in  the  Atlantic. 
The  print  ip|e  of  HI'/Dl'’  was  that  a  shore  station 
could  determine  the  heating  of  am  U-boal  making 
a  radio  transmission,  and  it  was  hoped  that  the  point 
ol  mlirteplion  of  the  bearings  Ironi  several  shore 
stations  would  determine  the  t)  ansnfltl  ing  U-boat’s 
position.  However.  as  more  III'/DF  shore  stations 
betaine  available  around  the  A 1 1  a 1 1 1 it  shores  and  as 
l  boars  started  lo  operate  in  niimbei son  the  Allan- 
lit  nade  routes,  i|  betaine  Hear  that  shore-based 
1 1 1-  1)1-  t otthl  only  pros  itle  a  rough  indication  of  the 
general  area  in  ss'lticli  the  U-boal  was  and.  at  best,  il 
totild  only  piovide  a  warning  for  a  threatened  eon- 
\o\  and  so  assist  convoy  routing.  The  Germans  ap¬ 
plet  i. tied  llifs  and  tell  that  shjpborne  direction-find¬ 
ing  was  rcsirit  led  to  medium  frequencies.  They 
there  lore  Used  high-frequency  communications  ex 
lensively  tince  toniatl  had  been  made  With  the  con¬ 
voy.  Asa  result  it  was  realized  that  Hl'/DKon  convoy 
escorts  themselves  inighl  do  ;t  great  deal  more;  il 

they  could  launch  their  attacks.  The  immediate  re- 
<1 1 1 it '(-nieui  was  an  I  II/1)1;  outfit  for  ships  which  was 
quick  and  easy  lo  operate. 

However,  the  main  scientilic  achieveiiieiil  during 
litis  period  was  the  introduction  of  radar  sets  on 
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both  ships  ;iikI  nimult.  Riula:-  worked  on  the  pi  itt- 
<  i|ii''  of  irunsmil  I  ing  short  pulses  of  vcrv  high-lir- 
tjueiuy  ratlin  waves  and  then  iveeiving  (lie  crimes 
from  objects.  like  a  ( '-lx »:«•  on  the  surface.  Hu- echoes 
would  enable  (he  range  and  hearing  of  (he  object  to 
he  determined  etch  at  night  and  in  conditions  of 

We  hate  seen  that  tile  heavv  shipping  losses  sol 
leied  at  (he  Man  of  this  pet  iod  as  a  result  of  night 
attacks  tin  ton\o\s  had  made  ladar  an  urgent  neces 
\il\.  As  a  stopgap,  the  Inst  radar  sets  lilted  in  de 
si  rovers  were  o|  a  Koval  Ait  Force  design  known  as 
air-surface  vessel  JASVj  01  in  ihe  Ibiush  N;i\v  as 
radio  iliret  t ion-iiiuitng  |RI>l  j  I  vpe  2Kt»  M.  I  he  hi 
ting  of  these  sets  on  ships  was  Marled  ahoui  Novem¬ 
ber  I!)  10  and  hv  Api  il  1911  radar  had  hern  lilted  <m 
about  -III  destrovers  ol  the  Western  Appi  oat  lies  ( !mn- 
1 1  on  id.  It  was  lioped  that  ratlar  would  enable  die 
(‘Stotts  to  detett  lilt  p) < -sente  ol  am  l ’-boat  on  the 
sin  fat  e  with  in  a  radius  ol  some  twit  ot  t  In  ee  miles. 

Tvpe  -<Sf>  M  had  a  lixed  aerial  and  icteived  et  hoes 
from  :i  target  over  an  art  tow-ring  about  aO  degrees 
on  each  side  »»l  the  bow  and  also  ou  t  a  similar  arc 
astern  at  considcrnhlv  shot  ter  ranges  (back  et  lioes). 
The  wavelength  ol  these  rally  sets  was  teladvelv 
long,  over  a  meter,  and  tunsctjuemlv  die  aelial  had 
to  be  \er\  high  above  the  mii  late  of  the  sea  beloie 
am  t onsidet able  taiigc  could  he  obtained  on  small 
ohjet  Is.  I  bis.  limited  the  ellec  iivem  ss  against  l  boats 
ol  eailv  i ad. u  sets  on  ships,  bin  not  on  aireiall.  as  a 
plane  living  at  Ufa  Ml  lect  tould.expnti  to  dried  a 
[  -boat  on  the  mm  late  at  a  tange  ol  a  bom  1  a  miles. 

Radai  ton  Id  lie  used  in  ant  i  si  i  bin  at  im*  wat  late  lot 
srveial  subsitliatv  purposes,  besides  the  fnain  one  ol 
deb  t  I  fhg  ( '-boats.  If  <  ould  i»iu-  warning' of  the ■  ap¬ 
pi  oath  ol  aimalt;  it  could  be  used  in  low  visibility 
to  make  t  uniat  t  with  single  nu  n  bant  ships  e>r  ton 
vovs:  lo  pii  k  up  na\  igauon  Ionovs;  |o  ke  e  p  .station  on 
a  t.tnivov  at  night;  ohloi  making  landfall. 

by  Jannaiv  1911  it  appealed  i li.it*.  as- an  uniRuh- 
mat  im  device.  radar 'tm  mi-j  late  ships  had  been  a  dis- 
tftjiptiiiH  uit-nt. ,  l*st  e»j  is  had  t  onsidet  able  double  ow¬ 
ing  to  ton! using  “bat  k  <•<  hoes’’  (coin  the eonvov.  As  a 
temporal  \  meriMue  it  was  hoped  to  alleviate  this 
I  mu  bit;  b\  reducing  the  range  stalt*  from  leu  miles 
to  Inc  miles  Wni-L  u-:jv  -j ly»  being  dons*  on  ::  ::e*.v!v 
designed  aerial,  stieened  to  tut  out  back  et  lines.  At 
the  end  ol  ibis  period.,  in  March  1 51 J I .  new  tvpcs 
using  shorter  wavelenglhs  and  diit-fiional  aerials 
were  under  trial  and  an  improved  ladat  set  ol  naval 


design,  lvpe  290,  was  in  production  and  was  to 
teplace  ‘JVpe  28b. 

'-2  '1  Sinking  of  U-boats 

•Surlarc  era  It  continued  lo  be.  the:  most  effective 
u.ili  in  attacking  and  sinking  U-boats  (luring  this 
period,  making  about  2ft  attacks  a  nionih.  Of  the  23 
U-boats  sunk  or  probably  sunk  in  the  Atlantic,  sur¬ 
face  (tali  t  oil  Id  be  credited  tvitb  Id,  or  about  5H  C'» 
((  in.  .Siibinai  ines  piimil  highly  effec  tive  early  in  this 
period,  patrolling  close  to  the  French  bases,  aitcl  tor 
pcdoiug  Ine  U  boats  in  .September  19-10  and  another 
in  Dcrenibei .  I  best  snbiuarine  attacks  made  it  neces¬ 
sary  for  the  U-boats  lo  tatter  and  leave  their  bases 
submeigcd.  1  wo  U-boats  were  probably  sunk  as  a 
ii-sult  ol  aircraft  .attacks,  one  was  sunk  as  a  result  of 
a  combined  atun  k  by  a  ship  and  plane,  and  another 
was  mined. 

In  addition,  one  (ierman  U-boat  was  know’ll  to 
base  been  sunk  tinder  unknown  circumstances  while 
II  Italian  l  boats  were  sunk  in  the  Mediterranean, 
with  sut  hue  c  rail  again  art  ('mining  for  six,  or  55  per 
inn  ol  them.  Italian  U  boats  openit ing  outside  the 
Ailantif  had  scry  little  success  against  Allied  ship¬ 
ping.  as  only  live  ships  of  28,000  gross  toils  were  sunk 
in. (In  Mediterranean  and  Indian  Oceans  .during  the 
lust  isvo  scats  ol  the  svar.  from  .September  l!).'!9  to 
Vplt  lllliel  1911. 

SURVEY  OF  RESULTS 
-  u  From  die  U-boat's  Point  of  View 

I  he  ness-  I  boat  lac  tits  adopted  during  this  second 
pet  iod  had  accomplished  their  primarv  objective  of 
i  etlitt  ing  the  high  rale  ol  loss  oi  l  '-boats.  The  average- 
0 umbel  ol  l.  -boats  at /sea  in  l he  At Ifititie  during  this 
period  rose  Mr  about  10,  while  only  about  2 1/,  of  these 
were  lost  nnmllily.  i  he  average  life  ol  a  U-liOitl  ill 
se;i  had  increased  by  about  pet  cent,  from  3 
Ill'llll  Its  to  I  1 1 ion  i  lls. 

In  addition,  the  cllniency  ol  I '-boats  in  sinking 
ships  im  teased  slightly,  as  the  average  U-boat  sank 
lour  ships  of  about  22,000  gloss  Ions  per  month  at 
sea.  flic  combined  eifec  i  oi  these  two  !  actors  im¬ 
pulsed  the  oscrall  exchange  rale  If)  10  ships  of  about 
88.000  gross  toils  sunk  lor  each  1  l-boal  sunk  or  prob¬ 
ably  sunk,  an  extretuels  profitable  transaction  for 
lite  l  -boats. 
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From  a  quantitative  point  of  \  iru\  i lit*  position  <>l 
the  (ierman  U-boats  had  improved  considerably  dur¬ 
ing  this  period  as  the  increased  U-hoal  building  pm- 
gi ant.  which  the*  Unmans  had  started  short l\  alter 
Kurland  entered  the  war.  began  to  lake  ellec  t.  As  a 
result  oj  ( onmiissioning  about  -15  new  (Kcais-^oiitji 
l  boats  while  losing  oni\  about  IHoS  i  he  !  :t » gr  ones 
(500  tons  or  l.ngri)  Ciennam  had  about  51  ocean 
going  U-boats  available  at  the  end  of  this  petiod. 
about  twice  as  manv  as  it  had  at  the  start  of  the 
pet  iod. 

I  bus  the  (damans  would  he  able  to  send  manv 
nioi r  I  '-huais  out  (o  *.ea  during  the  t bird  pet  iod  than 
lliev  had  sent  during;  the  earlv  pci  ioils  oj  the  war. 
I  lowever,  the\  had  lost  mans  ol  their  ablest  and  most 
(ApiTte.nc ed  captains  and  dews,  and  these  were  not 
as  easily  replaced  as  the  l '  boats  themselves.  I  he 
necessitv  ol  sending  out  relati\rl\  inexperienced 
l  boat  <  a  plains  was  proha hi v  a  lactot  in  II  curing  tlx 
( Jet  mans  to  dec  ide.  in  Tchmar*  |<J  It.  to  opt  rate  I  heir 
1  -boats  in  groups,  so  that  sevri  al  inc/xpet  iemed  c  ap 
tains  could  operate  logel  her  with  a  more  expel  iein  ed 

une. 

From  the  Allies'  Point  of  View 

Total  shipping  losses  ol  the  Allied  and  neniial 
nations  were  about  I .*>(». 000  g toss  tons  a  month  (lut¬ 
ing. the  second  pet  iod.  mote  I  hah.  (in  pei  mil  liighet 
t  hair  din  mg  the  lit  si.,  petiod.  Meanwhile  the  building 
title  had  im  l  cased  onlv  sligluiv  to  about  i  I  1.000 
gross  tons  a  moiitli.  making  the  net  los>  <>|  shipping 
about  3IT000  gloss  toils  a  month.  Total  shipping 
available  had  dec  i c -it seel  Itotn  about  ;»8.0l.)otoou  gross 
Ions  at  the  slat  I  ol  the  sec  «u  id  pel  iod  Io.iImiiiI  !>5.  000. 
000  gloss  tons  at.  the  end  ol  the  second  petiod. 

Ol  the  I5li. 00(1  gt oss  toils  o|  shipping  lost  monlhlv. 
about  1.0  1,000  gloss  tons  we*  e  lost  b\  riirmv  action, 
(-boats  accounted  lor  T_!  ships  ol  1.000  gross  tons 
a  inontli  (55  per  cent  of  ihe  total  I  unit  age*  lost  by 


eneim  action).  more  than  twice  the  monthly  tonnage 
sunk  bv  l --boats  dining  the  first  period.  Monthly 
shipping  losses  due  to  enemy  sin  lac  e  craft  jumped  to 
87.000  gross  tons  (22  per  i  en  I)  and  I  hose  due  in  enemy 
aiivrah  increased  to  til  ,000  gross  ions  (15  per  lent). 
Monthly  losses  due  to  mines  dropped  ironi  second 
place  in  the  lust  period  to  only  21. 000  gross  tons  (7 
per  c  ent),  wit  h  ol  he  r  and  unknown  causes  account  ing 


eneim  ac  t  ion. 


There  is  no  doubt  that  the  U-boats  had  indicted  a 
serious  del  eat  on  t  lie  Allies  in  the  Halt  lc  ol  t  he  At  I  an¬ 
tic  during  tlie  second  period,  but  the  situation  was 
beginning  to  look  more  promising  toward  the  end 
ol  this  period.  One  lav  oral  tie  element  was  the  increas¬ 
ing  number  ol  antisubmarine  ships  and  aircraft  be¬ 
coming  available  lor  convoy  esc  oi  ls  as  the  threat  of 
the  invasion  ol  Knglaitd  was  dec  leasing.  The  number 
ol  amis.ubmat  ine  ships  suitable  for  ocean  escort 
c lest i < n et s  and  p.mol  trail  such  as  sloops,  frigates, 
connies)  bad  inc  teased  horn  about  U.S5  at  the  start 
ol  this  period  to  about  375  (includes  2  10  destroyers) 
at  the  end  ol  the  pci  inch- Important  lac  tors  in  (his 
im  lease  weir  die  coining  into  service  of  the  new 
coivetle  and  also  the  Iraiislei  of  die  50  old  Town 
class  dc  sti  o\  ei  s  1 1  oin  the  United  Stales  to  Flight  nd 
in  Sepiellibe)  10  10.  These  destroyers  were  equipped 
with  (  .  S.  cc  Iicm  anging  gear,  c  ailed  sonar,  which  Was 
sirnilai  in  pi  inc  iplr  to  the  Hi  it.isli  Asdic  . 

In  addition,  an  inc  teasing  number  ol  ships  and 
plains  were  being  equipped  with  iadar  in  order  to. 
coin  bat  the  I  -boat's  night  ac  t  iv  it  v.  Oflic  ers  and  crews 
had  inc  leased  experience  and  uaihrng  in  antisub¬ 
marine;  wat  larc.  and  bad  shown  in  March  fill  I  that 
tbev  could  infill  t  heavy  losses. on  l  -boats  atlac  king 
adccpia tc'lv  escorted  convovs.  It  appeared  as  if  the 
main  problem. during  the  thiid  period  Would. lx* -that 
ol  meet  ing  tin  west  ward  movement  ol  t  hr  l  -boats  by 
cMendiug  antisubmarine  escort  westward,  without 
weakening  tin*  escort  strength. 
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7^hi  l-Kcusnl  I iu*  intensified  German  I'-bnal  con¬ 
struction  program,  started  laic  in  1939,  were  In* 
ginning  io  .ippc.ii  ii>  ilu  aw-i age  number  « >1  l  -boats 
ai  sea  in  ihc  Atlantic  stvadilv  increased  Imm  about 
IS  in  Apiil  MM  I  to  about  3b  in  August  1  M  l  I .  I  lie 
main  features  ol  l  -boai  tactics  during  this  third 
per  iod  were  the  iuc  leasing  use  ol  wolf-pack  attacks 
forced  upon  the  Ciennans  by  l he  evasive  routing  ol 
British  convovs  and  the  scarcity  ol  experienced 
I  -boat  c  Dininandcrs. 

The  outstanding  successes  achieved  In  escorts  in 
the  Northwestern  -Approaches  (lining  March  MM  I 
•  'produced  the  direct  result  dial,  in  April.  lf*  boa  is 
ahaiidoned  the  method  ol  <  lose  at  lac  k  on  die  sin  lac  e 
while  antisubmarine  esc  oris  were  iu  company..  I  he 
I'-hoais  contimted  their  search  lor  weak  spots  iu  die 
aniisiibmatme  delenscs  bv  moving  awav  from  die 
viVinitv  ol  England.  wlieie  air  coverage  was  heavy, 
and  e\  l  ended  d.ieir  operations  I  in  diet  westward 
wlrete  thev  could  attack  convovs  belote  the  anti 
Mibrnai  ii.rc  esc  oi  t  had  joined.*  I, lu  re  was.akoa  solid) 
ward  move  Nieirl  oj*  tin  1'  boats  with  increased  acliv 
j ! v  in  tin  \/ot c's  and  I  reetown  An  as. 

Apiil  opened  somewhat  disastrously  with  hcavv 
auric  k%,  started  belore  the*  antisubmarine  escort  had  • 
joined,  on  Gonvov  SC.,  2b.  .About  live  {..'-boats -panic  i- 
palecl  i.n  diese  attacks,  ten  ships  we  re  sunk,  and,  in 
addition,  die  at  nice!  mere  ham  cr  nisei  oce  an  escort 
was  damaged  bv.  a  torpedo  bit.  Oncol  lire  attacking 
\  -boats  was  sunk  alter  r  lu;  am  (submarine  escorts  had 
joined,  lot  aids  die  end  ol  April,  lour  ships  were 
blink  It f »m  <  Vriivov  I IX.  121  as  a  result  of  the  fir  st 
submerged  da  v  light  attack  by  a  pac  k  of  U-boats.  Tile 
shipping  losses  to  l ’-boats  in  April  were  about  the 
Nime  .o  ir.  March.  with  !  1  ships  «f  2-10,000  gross  tons 
sunk.  However,  only  about  -it)  per  cent  of  the  ton¬ 
nage  sunk  bv  { '  boats  was  in  convoy  in  April  as  com¬ 
pared  with  bO  per  cent  in  March.  About  13  per  cent 
ol  the  tonnage  sunk  by  U-boats  in  April  was  sunk  in 

Hi 


the  Azores  Area  and  another  15  per  cent  in  the 
Freetown  Area, 

Tire  total  shipping  losses,  from  all  causes, 
amounted  lo  082,000  gross  tons  in  April  MM  I,  a 
higher  ligui  e  (ban  lot  any  p>  evious  mom  It  in  the  war. 
'I  his  was  due  mainly  to  die  heavy  shipping  losses  to 
enemy  aircraft,  about  29(1,000  gross  tons,  most  of 
these  losses  occurr  ing  in  the  Mediterranean  in  con¬ 
nection  with  die  evacuation  Irom  Greece  and  Crete. 

Asa  result  ol  the  hcavv  attack  on  Gonvov  SC  26  at 
about  28  west  longitude,  die  Iceland  routing  scheme 
was  adopted  earlier  (Iran  was  originally  intended. 
Escorts  were  based  on  Iceland,  making  it  possible  to 
meet  convovs  where  die*  escort  from  England  had  to 
leave,  and  then  to  escort  i lie  convoys  out  to  about  35° 
wesi  longitude,  the  escort  there  picking  up  an  incom¬ 
ing  convoy  and  du  n  turning  it  over  to  an  escort 
group  from  England.  -Sunderland  and  Hudson  air-'' 
trail  were  also  moved  to  Iceland  to  provide  air  cov¬ 
erage  for  convovs  in  waters  which  could  riot  be 
cove  red  bv  aim  all.  based  on  England. 

Obviously  ilijs  considerable  increase  in  die  dis¬ 
tance-  over  Which  t  r  ansadain  ic  convovs  were  escorted’ 
.was  oniv  achieved  at  the  expense  of  weaker  individ¬ 
ual  escorts  with. each  eonvuv.  This  was  partly  coin- 
pcijsaicd  bv  reinforcing  1  he  Weste  rn  Approac  hes 
with  Asdic  filled  minesweepers.  It  is  equally  clear 
(hat  the  use  of  be  laud  nbcessitaird  a  certain  rigidity 
of  ruining  and  tended  to  make  die  location  of  con- 
vow  bv  U-boats  and  enemy  aircraft,  a  simpler  busi¬ 
ness.  Against  this,  tlu*  daylight  hours  in  these. north¬ 
ern. -Ini  it  uder-t  were  rapidly  lengl hc.u  mg  as  the  slim¬ 
mer  months  approached  and  the  IJ-boat  danger  in 
daylight  was  a  lesser  menace  than  at  night. 

The  upward  (rend  in  skipping  losses  to  U-boats 
con  tin ucd  as  58  ships  of  325,000  gross  tons  were  sunk 

>.juv.  Over  half  die  lossc:*  occurred  in  die  Free¬ 
town  Area,  where  a  group  ol  about  six  U-boats  sank 
32  ships  of  1 80,000  gross  Ions  din  ing  the  month.  To 
meet,  the  increased  U-boat  ac  tivity  in  dial  area,  addi¬ 
tional  ehvoi  cs  \v'ei‘e  added  iu  tile  ricciovvu  loUes  and 
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anion  was  taken  i<>  divert  all  shipping  from  the 
Freetown  Area,  except  those  ships  which  must  ol 
necessity  pass  through  those  waters. 

Attacks  oil  independents  continued  10  increase  as 
only  about  -20  per  cent  ol  the  shipping;  sunk  by 
U-boats  in  May  was  in  convoy.  In  addition,  the 
l.'  boats  continued  lo  ino\e  I'm  'liter  westward  and  on 
May  20  located  (annoy  l!\  120  at  about  II"  west 
longitude,  before  the  antisubmarine  escorts  had 
joined.  Eight  ships  were  sunk  before  the  convoy  was 
forced  to  disperse.  This  attack  lore  ed  the  adoption  ol 
com  plete  u  ansa l hint  ic  cseoi  t. 

It  was  fell  that  the  considerable  weakening  in  the 
number  ol  escorts  with  a  con  vox  nuisi  be  accepted  in 
order  to  provide  some  degree  ol  prnicriion  ihrnugh- 
oiil  the  voyage.  (ioiuplete  transatlantic  escort  was 
act  ntnpiishcd  In  basing  escort  lorccs  in  Sr.  John's. 
Newfoundland,  and  escoi  ling  in  stage  s  bom  Eng¬ 
land,  using  Iceland  as  a  relucting  base.  1  lie  Royal 
Canadian  Navv  cooperated  in  tbrse  measures  In  plac¬ 
ing  all  a\  ailable  destrovei  s  and  c  or a  olios  at  the  sen  - 
ice  o’,  the  Newfoundland  Escort  force.  Canada  had 
about  .‘la  ships  fitted  for  am  isiilmtai  ine  service  ai 
that  lime,  Ihc  lirsl  escoris  Innn  Si,  John's  sailed  on 
.Slav  ,'!l,  IDII,  and,  as  a  natural  secpience  to  this  de¬ 
velopment,  it  was  de  c  idee!  I>\  the  middle  ol  June  to 
escort  the  comoss  all  lhe  wav  honi'  Ilalilax.  lhe 
long  endurance'  coivclles  weie  lo  run  all  die  way  lie 
t  ween  ! .la I i las.  and  Iceland,  with  I lu-  desl I oyei s  being 
limited  lo  St.  John's. 

Anas  ol  l  a  boat  activity  in  I  mie  wete  dm  thee  ahetd 
and  wider  sj.lrail  I  hart  helm  e,  evil  It  i  ej'xn  Is  o!  I  ’  bonis 
ileal  XV  vvfniimlhrml  and  sosilh  of.  (h eelilalid.  I  )e 
spite  the  .magnitude  ol  lhe  ell  orl  excited.  the  ship 
ping  losses  showed  an  improvement  mei  .Mas,  with 
'il  ships  ol  2ll(i. 00(1  gross  tons  being  sunk  hv  l '-boats 
in  June.  Despite  the  increasing  number  ol  V  boats 
ai  sea,  the  losses  were  kept  down  bs  die  clhc  iency  oi 
ISrilish  c  oiiniermeaxui  es  as  live  U  boats  were  sunk 
(hiring  June  by  xu|  lai  c  e  i  all.  Eossc's  in  die  I'leelown 
Area  were  gleallv  i.  cell  ucd  and  the  U-boats  had  dillr 
c  Oil  v  in  loc  aiing- 1  lie  '  ’  esal  hint  ic  convoys. 

When  they  did  finally  locale  Convoy  MX  133  on 
June  23,  die  results  must  have  been  rather  disap¬ 
pointing  io  the  Germans,  as  emit  live  ships  were  sunk 
at  die  cost  ol  at  least  two  t  -boats  sunk.  I  his  success 
Ini  ih'lense  of  ibis  comm  was  clue  in  large  measure 
to  the  lac  I  dial,  when  I )  I* ‘hearings  indicated  that  MX 
1 33  had  been  sighted  bv  a  U-boat,  the  escort  was  in¬ 
creased  from  one  destroyer  and  three  corvettes  to  two 


destroyers,  one  sloop,  and  ten  corvettes.  This  was 
accomplished  by  taking  the  risk  of  sir toping  the  es¬ 
corts  Imm  i we.  OH  convovs  within  comparatively 
east  reac  h.  Eon  unalely,  one  ol  these  Ol!  convoys 
escaped  unscathed  while  lhe  other  suffered  the  loss 
,,i  mile  one  ship. 

(in  June  22,  l*)ll,  Germany  invaded  Russia  and 
this  seemed  lo  end  the  threat  ol  invasion  of  England 
for  die  lime  being.  This  released  additional  ail  and 
surlac  e  null  lo  help  in  the  bait  Ic  against  the  U-boats. 
In  addition,  German  aircraft  were  diverted  to  the 
Eastern  Ere  nil  and  attacks  on  shipping  by  aircraft 
were  greatly  reduced  during  die  lasl  half  of  I (M  ! . 

The  average  mini  her  of  L'-boats  al  sea  rout  timed 
lo  increase  during  Jnlv  and  August,  but  they  had 
very  little  success  as  onlv  about  23  ships  of  90,000 
gross  ions  were  sunk  in  each  of  these  mouths.  This 
.  meant  that  die  average  l’-boni  al  sea  in  the  Atlantic 
was  sinking  less  than  one  ship  a  month,  a  much  lower 
rate  than  had  been  experienced  its 'the  past.  In  an 
endeavor  to  make  the  intercepiion  ol  shipping  easier 
llu  (boats  withdrew  to  die  cast  waul  louaids  die 
end  ol  July  and  colic  cut i  led  in  lhe  waters  west  of 
belaud  and  to  die  easi  ol  2.V'  wcsl.  longitude.  This 
placed  diem  ai  a  iocai  point  of  shipping  where  ihcv 
could  inlciccpt  both  the  Easi-West  and  the  Xorlh- 
SoiiiIi  convoys.  However,  lhe  U-boats  had  no  belief 
luck  there  in  August  than  dies  had  in  julv.  Hv  this 
time,  even  die  Gibraltar  and  Kt'cclowii. convoys  bail 
moie  or  less  complete  (■'nd  io-eiid  escort.  Towards  die 
end  id  Angus,,  l hero,  were  indications'  that  die 
I  '’boat i.  wi  le  i csoj  I  ii'lg  'lo. long  I  aiige  al lacks  on  con- 
\mx,  piobablv  bring  a  browning  salvo,  and  also  to 
deliberate  attacks  on  escorts.  This  police  of,  attack¬ 
ing  escort s  ltd, glil  have  proved  more  profitable  in  the, 
earlier  davsol  the  war.  when  die  number  of  escorts 
with  convoys  was  mm  It  smallerand  when  I  he  general 
escort  situation  was  iiitic It  dghter. 

In  addition  "lit  the  defensive  sue c osSt's  scored  in 
August,  ibis  month  was  marked  by  one  of  die  out¬ 
standing  events  ol  die  U-boat  whr,  tile' surrender  of 
UmTlIcna  Hudson  aircraft  on  August  27.  Mill.  U-570- 
left  on  her  lirsl  cruise  on  August  2  I  and  was  at  sea  for 
only  71  hours  before  she  surrendered.  The  U-boat 
came  lo  die  surface  at  1030  on  the  27tb,  the  precise 
nioinciii  cite  Hudson  imm  -squadron  was  over¬ 
head.  The  U-boat  tried  lo  crnslt  (live  bin  the  Hudson 
was  too  quick  for  her,  (living  from  50(1  feci  to  JOO 
feel,  and  dropping  lour  depth  charges.  Gapiaiu 
Rahmlow,  believing  die  U-boat,  more  seriously  dam- 
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pomhiKMU  if  a  i.onvov  were  muu  ked  and  die  enemy 
esc  aped  unpunished.  I  he  limited  nnniln-i*  of  escoris. 
usually  ;il)oui  oik*  dcstioyvr  and  three  or  lour  tor- 
voiles,  although  unable  lo  prevent  the  U-hnais  from 
attacking  the  eomov,  wtv  genera  II  \  able,  with  t lie 
help  ol  cover  in#  aircraft,  io  shake  oil  the  pursuing 
U  Imrus  by  persisteni  con  literal  ricks.  No  coimiy  was 
attacked  for  more  (ban  three  successive  nights  in 
September  10-11. 

I  he  elleei  <>l  Coastal  Command  airc  raft  on  C  boat 
operations  may  be*  seen  In  the  fa: I  thai.  of  the  ton¬ 
nage  sunk  in  the  North  Atlantic  during  September 
by  l '-boats,  about  7a  per  cent  was  lost  in  tin*  area 
outside  the  economical  range  of  Whitlev  and  Wel¬ 
lington  aircralt  (100  miles)  Aimali  made  *15  siglu 
digs  and  SO  attacks  on  l '-boats  in  .September,  the 
highest  monthly  figures  recorded  to  that  date. 
September  was  also  marked  by  the*  introduction 
of  H.MS  Audacity,  an  auxiliary  aircraft  carrier,  as  a 
tOiooy  escoi I .  One  of  her  fighter  aircraft  shot  clown 
a  J-ocke-Wul!  attacking  t I’xc*  lest  tie  ship  of  Convov 

oc;7i. 

As  the'  radius  of  l '  boat  operations  in  the  Atlantic 
extended  further  west  and  S.  ships  were  l>eing 
sunk  hy  l  -boats,  the*  l\  s.  Navy  announced  on  Sep¬ 
tember  la,  Mill,  that  it  would  proside  protection  for 
ships  ol  e\e.n  Hag  c  arrying  land-aid  supplies  bet  ween 
t he*  Amei  ic  an  comment  and  the  waters  adjacent,  to 
Iceland,  on  which  a  C.  S.  base  had  been  established 
in  1 1 1 1\  I!)  II.  (  )|J  Seplemhel  Hi  tile  III  si  comm  (I  IN 
150)  to'  li;i\0  l  .  S*  Na.v\  ships  as  pan  Ol  its  escoit 
sailed  Irom  Halifax. 

I  lie  losses  jil  October  I*)  If  .ill  o.pped  to  .‘i^  ships  ol 
1 57. H00  gioss  ions  sunk  h\  l  -boats.  ()iil\  onccoj.iv«>\ 
(SC  IK)  was  lira \ i I \  attacked  by  l' boats;  nine  ships 
and  I  wo  esc  oi  ts.  ut:ie  sunk  and  the  I..SS  f\e(nu\  wav 
torpedoed  but  anivccl  a)  Iceland,  I  lie  I'SS  flcuhcu 
Jama. 5  "was  Mink  by  a  l '-boat  torpedo  on  October  ;»1 
while  acting  as  an  escort  ol  Conwn.lIN  lab.  In  a 
number  of  oilier  rases  the*  annoys  weic  located  b\ 
1'  boats  but  the  estoil^  were  able*  to  dri\e  tin  in  oil 
wit  bout  sullei  ing  sei  icVsis  losses, 

An  inUTesting  Ic  altne  ol  the  operations  dining 
( )c  lohei  was  the  disim  I ination  ol  the  C  boats  to  pm 

...  ■  i. .  : . .  i . ,  i. i  ..  i 

sue  inrn  IW>;  mi  HII!  iimmu  III  i  um  Vuiiic,  pi  T- 

sunla.blv  because  llicv  did  nnl  calc  li.,  cnlei  die  areas 
swcpl  by  Cioasiai  Command  ■  v* ,-;il i .  This  is  iiuli 
( a  led  by  I  lie  l;u  I  dim  ol  lilt  lid  shi j is  sunk  n  il  h in  KUO 
mill’s  In, ill  ail  liases.  I  I  were  lost  in  |, unions  more 
Ilian  (500  miles  on!  and  I 2  in  ll,e  100-  lo  (i()0 -mile 
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/one  (eon ’red  lightly  oy  Catalinas).  No  ships  were 
.link  within  100  miles  from  Coastal  Command  bases. 
I  his  meanl  that  die  U-hoals  were  being  forreci  ever 
I  m  liter  west  ward,  willi  c  oiise  c|iicnt  grealer  wastage  ol 
lime  and  ( ’  -  boats,  |>arl  in  daily  in  winter.  In  addition, 
an  ailaths  on  irar,s;i  D  boais  in  ihe  Hav  of  liiscav 
began  lo  increase  in  ii  e<|neiny  and  ellei  I  iveness. 
thereby  Iiu'.her  i  tilling  down  ihe  operational  lime 
of  l  .'-boats. 

Dill  ing  l lie  lirsl  week  of  Xovembei ,  die  sc  ale  of  die 
l  '-boat  ellon  was  probably  die  grcaiesi  and  ihe  scope 
ol  t lu-ir  patrol  die  widest  spread  of  die  whole  Allan- 
lit  campaign  up  lo  dial  lime.  When  (annoy  SC  59 
was  intercepted  short  I  v  alter  rounding  Newfound¬ 
land  and  four  ships  were  sunk  nil  November  3,  it  was 
considered  prudent  not  lo  risk  it  upon  a  iransnccan 
jninncv  lor  (he  greater  par!  of  which  many  li-boals 
niighl  have  maintained  continuous  hairsing  a II arks. 
The  convov  pul  ba<  k  to  port  and  the  ships  sailed 
later  in  (annoy  SC  51,  which  consisted  of  7)  ships. 
This  derision  proved  fortunate,  as  there  followed  a 
period  of  successful  evasion  which  lasted  for  the  re¬ 
mainder  ol'  the  mon i it.  The  toiai  losses  for  November 
191 1  dropped  lo  19  ships  of  (52.000  gross  Ions,  die 
lowest  figure  since  Mav  1910.  Wcalher  conn  ilmlcd  to 
die  reditu  ion  in  shipping  losses  Inn  die  main  fa<  lor 
was  skilllli I  e\ asi\e  i oi.il ing.  Nik Cessl ill  e\ avion  nie.'ui I 
Jewel  eliames  ol  (ojnails  lielwcen  escorts  and 
l '  boats  and  i  lie  iclore  less  <  bain  e  lor  l)lc  ilesii  ,.•<  I  ion 
ol  I  boats. 

In  die  nreanl  one  the J5l  itisli  nllcUsivc  in  I  dea  bad 
been  launched  and  Ihe  Ccrnians  willidiew  a  large 
pinpoi  I  ion  ol  1 1  lei  i  l  '-boa  Is  lion!  die  A I  la  mil  (o.  I  lie 
. Mcdilci  I  anean  lo  help  die'  Italian  Reel  and  Iciil- 
poiaiily.ai  leasi,  to  use.  i  heir  C  boa  is  for  ihe  trails- 
pot  I  of  ill  i  I  i  I  m  y  supplies  lo  Roll  line  I .  I  oward  die  end 
o!  N'mcmSer,  ronvms  Irom  Cihr, altar  were  sus¬ 
pended  and  every  available  ship  was  used  in  an  en¬ 
deavor  lo  <  lose  I  li<  Sn  ails  ol  ( ,il n  ail ar  lo  die  passage 
ol  l '  boais  and  lo  destroy  U-boats  attempting  pas¬ 
sage.  I  'wo  (iei  man  I'-lioals  attempting  die  passage 
vveie  sunk  during  Ihe  inondl.  one  by  surface  nail 
and  l  he  oi  her  by  it  1 )  1 1 1 . 1 1  submarine. 

I  he  pel  <  epi  ible  slai  ki  lling  in  (elision  in  die  N'orlli 
nr....;.  .I...,  .a  v;.veui!;e! 

(onlmued  dirOUghoul  December  1911.  Idle  losses  in 
(he  Adamic  (onlimied  al  a  very  low  level,  with  only 
III  ships  of  aboul  50.0(10  gl  oss  Ions  sunk  by  I  (  boats 
during  die  moiilh.  However,  die  Icrideiuy  of  die 
l  boa l  wai  lo  Ix'iome  woi  Id  wide  bec  ame  apparent , 


CONI’IDKM  I  M. 


so  START  OF  wm.F  PACKS;  END  -TO- KNI)  OF  CONVOYS 


as  hit  I  In-  lirsl  1  iilK  tile  losses  lo  I  !-|inals  tnuside  (lie 
Atlanta  betaine  signilir  uni.  Seven  ships  of  27.000 
gross  ions  wen-  slink,  iiv  f Trials  ill  llie  Modilirra 
ne;i!i.  Ihrer  ill  llie  eastern  apjiinai-his  lo  (olirahar 
and  lour  while  on  passage  between  Alexandria  and 
Tohmk.  Ilouevei.  llieeneiuv  paid  a  lieavv  price  lor 
these  seven  ships,  as  live  ('  lioals  were  sunk  in  die 
Mediterranean  (hiring  lieieniher. 

jananese  submarines  sank  nine  sliips  ol  12.000 
"loss  tons  in  the  I’ariltr  dm  iug  the  remainder  nl  lie 
eenihei  alter  their  allaik  on  I’earl  llarhor  on  ()e 
ec  inher  7,  1 0  1 1 .  One  Japanese  snlnnarine  was  proh- 
ahlv  sunk.  Over  200.000  gross  ions  ol  shipping  were 
losi  in  llie  J’ar'hr  due  to  capture  Iiv  (lie  |apane>eor 
unknown  lauses.  Ar  t  m  dingh.  die  total  shipjiiii.sk 
losses  lot  llie  month  (Irom  all  lauses)  lose  lo  over 
aOO.OOO  eross  Ions. 

llie  on  island  inj*  feature  ol  llie  nion  ill's  opera  I  ions 
in  tile  Atlantic  was  llie  piohingcil  engagement  bc- 
tweeii  ( jjtnov  MG  70  and  a  n;i<  k  ol  hall  a  do/en 
('  hoais.  The  esiorls  sank  four  I  boats  (unhiding 
l'-al>7.  i oinni.'illdcd  Iiv  Kudrav,.  one  ol  ihi  hailing 
I’  hoal  ares)  and  oil Iv  two  ol  the  inenliaiil  ships  ol 
the  innvov  were  lost.  I  lovvevei .  one  es< ol  1  and  I  IMS 
I  mini  iiv.  aw  anxiliarv  ait  i  ral  i  i  ai  i  ier,  were  also  sunk 
lav  the  I’  lioals.  As  1011  drew  loan  end.  die  nneTei 
ol  l  lioals  in  the  Atlanta  began  to  i  ise  again.  the 
ilia  jot  iiv  h  ; ! 1 1 i 1 1 "  West  wai  d. 

«  COS'NTI  RMI  AM  i{I.S  TO  T  ill; 

I1  -ISOAT 

Convoys 

I'  I  mat  auiVi'lv  din  i  1 1  u  ill'.',  rail'  nioulhs  ol  this 
pel  iod  liijeed  tin  adoption  ol  i.niuplcic  end  in-end 
esioitol  Hr  i  l  isli  a  on  vovs.  Thanks  to  the  sieadilv  in- 
i  reasii.nr  inujiliei  of  escorts  broimirig  availalde,  and 
tii  (oOjieraliou  Irom  the  (aniadian  and -l  Tiled  Slates 
Nav  ies,  this  did  mil  lesuli  in  the  anlii  ijiated  serious 
weakening  in  llie  promt  lion  of  the  fnuv'us.  In  lad, 
ships  sailing  in  ronvov  Well' safer  in  this  period  than 
1 1  lev  had  lieen  in  i  lie  pro;  r(  I  ing  |iei  iod,  as  ol  l  he  1 1  fit  I 
ships  I n •  i 1 1  j>  I  oil v lived  iiionlhlv  only  l-l  (,'dioilt  1 .. 
of  I  percent)  vveicMink  rnoiilldv  Iiv  M  lioals.  IS\  the 
t-nd  of  it  appeared,  as  evident  eii  iiv  li'e  iiallie 

ol  (  aim  aw  1 IG  7li,  dial  the  vvoll-pai  k  ai  larks  on  (on- 
vovs  <  mild  lie  liealen  oil  vvilhoiil  serious  losses  to  the 
rrinvov  and  in  mill  these  amoks  could  pmvc  rnsllv 
to  the  l'  lioals.  jiinvided.  a  siiilnieiii  miniher  ol  rs- 
i  orts  were  present . 


An  analysis  ol  17  ol  die  con  vovs  attacked  by  the 
l '  lioals  a  l  about  this  I  inie  stives  us  some  in  formal  ion 
about  the  "average  attacked  ronvov.'"  This  ioiivov 
was  engaged  Iiv  1.2  1 '-boats,  of  which  2.(5  succeeded 
in  delivering  elleelive  attacks.  A  louii  ol  l.li  ships  in 
the  i on vov  vvei e  torpedoed.  1 .7 sliips  I icing  torpedoed 
in  cai  !i  elln  live  altai  k.  Of  the  1.2  M  boats  ( 'lit* :ii> i i io 
the  lomov  2  for  7b  per  cem)  were  atitteked  iiv  die 
air  and  .surface  isiotls  and  O.fi'i  for  la  per  cent)  of 
t hem  sunk . 

I  lieie  were  not  many  changes  made  in  tile  convoy 
svstein  during  this  jjeriod.  l  lie  iiiinimuir,  speed  for 
I  i\  (ouvoys  was  raised  Irom  i)  knots  to  It)  knots,  with 
thi-  nr i 1 1 im 1 1 in  speed  for  j»C  convoys  remaining  at  7/> 
knots.  In  Jitlv  1911  a  rule  was  ini  induced  i'e(|uiting 
ships  ol  less  than  la  knots,  crossing  the  Atlantic,  to 
sail  in  ronvov.  l  lie  designation  of  the  OH  coil  vovs 
tout  ward-hound  hum  Kngland)  was  rlumged  to  OS 
for  tile  not  lit  hound  convoy  heading  for  I  lalilax  and 
to  OS  lor  llie  south-hoiuid  convoys  heading  for  Free¬ 
town.  Julv  If) II  also  marked  the  introduction  of 
GAM  ships  in  ronvov.  These  were  merchant  ships 
eijiuppcd  with  a  r  atapit  It  In  uni  lied  fighter  airrrall 
whir.lt  was  to  he  used  against  enemy  recomiaissanee 
ait  trail.  In  August  Iff!!,  the  first  convoy  to  Russia 
sailed  lor  Airliangil.  No  losses  were  sttllcred.  oil  the 
i  on  vovs  sailing  In-tween  I'.uglainl  and  Russia  during 
-Mill. 

'  -  -  .  .  Aircraft 

\t  the  beginning  nl  this  pvi'iod;  in  April  Iflil,  it 
was  tippait-iil  that  an  improvoniemin  thy  (|iiaHrv  evl- 
an  r  i  all  attar  ks  was  urgenliv  ttectlr  il  Actual  kills  Iiv 
ail r  tail  had  hern  disappointingly  few  and  it  wa)  felt 
that,  r rt)  the  rri.ilivelv  iare  occasions  when  a  pilot 
sights  a  L'-lioal.  hi'  should  have  a  reasonable-  good 
t  lianr  e  of  In  iiigiiig  oil  a  kill.  A  con  unit  tee  of  ( fritista  I 
Gourmand  m  ieuljsls  anil  mi v  :t I.  t cprescnial  i ves  was 
therefore  (united  to  tevievv'  this  situation. 

Analysis  showed  that  ill  .ia  per  cent  of  the  aircraft 
altar  ks  the  L’-lioat  was  still  visible  at.  the  time  of  re¬ 
lease  of  tin-  depth  charges  and  that  in  1.7  per  cent  of 
the  attacks  the  M  boat  had  disappeared  less  than  30 
seconds  prev finish.  I  lie  solution  adopted  was  lo  con- 
rent  i ale  on  those  (Minals  which  were  si  ill  on  or  near 
l  he  stir  iare  a  nr  I  lo  art  |  list  tart  tes,  dept  Ii -lit  mill  set  Lings 
and  sparing,  so  as  to  give  the  aircraft  the  maximum 
<  ham  e  ol  killing  in  t  liese  r  .audit  inns,  si  nee  l  hi'  prnlj- 
aliilily  ol  hilling  the  t  '-boat  under  these  eondil  ions 
is  much  greater  than  it  is  after  the  M-lioat  has  been 
submerged  fm  some  time. 


('.OMIliKNi  I A  I , 


COUNTERMEASURES  TO  THE  U-ROAT 


Instructions  were  accordingly  issued  by  Coastal 
Command  in  June  II)  1 1  providing  t h«i t  [he  depth 
sotting  foi  ail  ilopih  (barges  should  he  50  h-ct,  tin 
sparing  between  charges  should  be  (>0  feel,  and  all 
depih  ihaigcs  weie  in  lie  le  leased  m  one  slick.  I  he 
need  for  more  free  pu  n  l  practice  and  i  raining  was  also 
stressed  ami  a  standard  lor  bombing  aei  mac  x  was  se» 
up  lecjuiriug  a  mean  radial  es  rot  of  a!!  bombs 
dropped  of  not  more  than  20  \  a  ids. 

This  change  resulted  in  a  significant  improvement 
in  ihe  (piality  of  aircraft  attacks  on  l.'  boats.  Aim  alt 
made  about  127  sightings  a  month  during  this  period 
anil  about  IK  of  I hesc  resulted  in  an a<  ks  on  (  boats. 
The  propotiion  of  these  attacks  vvliiih  resulte  d  in  at 
least  some  damage  to  the  l’  boat  rose  limn  about  10 
per  cent  in  the  earlier  periods  to  about  123  per  lent 
in  this  pet  iod.  The  lelhaliiv  of  the  aim  a  It  attacks 
did  not  t  flange  much,  as  onl\  about  L’t  pel  (eul  oj 
t  hi.-  attacks  resulted  in  tin*  U-boat’  being  sunk.  I  low 
eu  r,  it  was  realised  at  the  end  of  this  period  that 
even  the  rill-foot  depth  setting  was  loo  deep  for  sin- 
laced  U-boats  and  steps  wen*  being  taken  to  modif\ 
depth  charges  in  allow  a  125  loot  depth  selling. 

As  the  l '-boats  minnl  further  weMwaid.  die  total 
number  ol  fixing  bout's  by  Coastal  Command  ah 
(tall  on  ant  ividmiat  ine  duties  den  cased,  but  nansit 
(  boats  crossing  the  Bax  oi  Biscax  on  llicii  \v,iv  .to 
and  from  Trench  bases  lagan  to  ire  rive  nioie  alien 
t  ion.  In  t  he  pet  iod  Scptejnbei  to  \dc  eiiilx  i  lb  I  I .  30 
at  lav  ks  weir  made  on  1 '  lioats  in  tins  an  a.  This  ^ 
c  c 1 1 1 > \ ;i  1« *i 1 1  to  each  l '  boat’s  br  ing  allaiki  cl  in  i  li.c 
Bav  on  one  mil  ol  evet  x  tim  e.  <  t  nisi  s  and  was  a  sulli 
<  i<  ■  it  I  meiiace'  to  lorn-  them  to  n.iiiain  subna.i  g<  <1  in 
the  Bay  ;din  ing  ltie- (lax iiiiie  in  I  >r<  *-i 1 1 her ■,  iheicln 
trie  leasing  then  ttansit  time  .  lb.  Deicmliei  1911. 
Coastal  Cm  hi  i  laud  had  initiated  night  ann\nbinat  ihe 
pattols  with  radio -fiuec.l  ait  (.rail  in  the  Bav  ol  Biscax. 

Midwax  in  1911.  the  Bi  il/shM  t  aj»ed  together  a 
srpiadion  ol  long  iaiige  planes,  new  nmi  icd  A.iber- 
atms  lejectcd  hs  U.  S.  Air  forces.  fitted  with  Mark 
It  tadat,  I  hex  did  a  dual  job,  nmgiug  lar  out  on 
patiol  and  giv  ing  ah  (  over  to  mmins  asking  Joi  help. 

I  he  flying  eflott  dining  lids  period  was  marked 
l>\  l  he  i n<  teased  use  ol  piolec  t  i\e  swee  ps  around  con 
vox  s  to  pul  down  shadow  ing  l  boats,  as  (list  ini  t  Iroin 
the  close  con  vox-  coverage  provided  cat  lice.  It  was 
also  mat  kid  by  the  Inst  attempt,  in  Max  Bill.  In 
i  ailai  -cr  |  nipped  aimali  to  limn  a  U-boat  to  exhaus 
(ion.  Although  this  attempt  did  not  .succeed.  mix  1 1 
useful  information  wasoblaiued  bum  (hisnpet  at  ion. 


12  :1  Scienx.br  ;md  Technical 

A  new  ant isubmarine  weapon  for  use  by  .'.arfarr 
rail  was  coming  into  pmdui  I  ion  at  the  end  of  191 1. 
This  weapon  was  iedgeiiog.”  a  muhixpigot  mortar 
which  throws  121  pi  ojei  tiles  fitted  will)  contact-  fii/e-s 
so  as  to  pmdin e  a  pal  lent  in  the  (one  of  a  ring  whose 
iriitcr  is  about  1230  vanls  ahead  ol  the  ship.  ihe 
Hedgehog  pattern,  theoretically,  has  a  greater  chance 
of  killing  a  .submarine  than  the  depth-charge  pattern 
dm-  in  i lie  fai  l  dial  its  design  incorporates  (he  fol¬ 
lowing  three  important  principles: 

I.  Ahead  tinmen.  This  permits  a  reduction  in 
blind  lime  from  13- (10  seconds  In  1 5-120  seconds. 

12.  Multiple  small  rhargr.  Three  hundred  pounds 
of  high  explosive  (lellnd  range  of  21  feel)  has  about 
one  ball  the  i  ham  e  of  killing  the  f  J-hoal  as  tCT)  30-11) 
charges  (lethal  radius  ol  (i  feet).  The  lower  limit  of 
the  (  bulge  is  the  smallest  weight  which  will  have  a 
i  i;imhi;i  I  lie  chance  ol  sinking  die  U-boat  when  it  ex¬ 
plodes  on  the  target , 

3.  (uiatufl  fin'll#.  Tin:  corn  .art.  fu/e  "sweeps”  all 
depths.  I  his  is  of  par l ic  u lar. importance  in  view  ol 
die  lac  i  that  i  he  aniisubniaii  tie  gear  used  at  I  hat  time 
did  not.  determine  the  depth  of  the  U-boat, 

However.  against  these  advantages  of  Hedgehog 
must  he  considered  the. lac  t  t liar  the  large "explosion 
o!  cle.pt  li  c  haiges "has  a-  debit  a  blc  ant  i-nVm  ale  Wler  1 
and  ))i  od\i<  esc o, (side!  able  shukingup  oi  the  l  -boat 
in  cases  vrhe-te  the  depth  ( bulge  s  ai  e  not  lethal. 
Ihdgehug  laih  to  do  this  ;-.i‘m  r  tim  e  bulges  explode 
onlv  on  hill  ing  the  U-boat.  . 

Dm  ing.  « his  pi‘.j  iod,  j.hc  results  h  oni  radii t; wet  c 
nioie  pjoinising  a.v  a  ronseepu  nfe of  increased  irain- 
iiig  and  knowledge  ol  the  gear.  A  new  si  t,  Tvpe  271. 
was  being  fit i.ed  on  IJi  it i>,h  »  oi  xcl les.  I  his  was  a  sho)  1- 
u'ivc  (K)  <]!!)  "Iiea.m”  jjrinc  ip!e  set  and  const  ii.ii.ird  a 
go  al  advance  in  tadar  lor  antisubmarine  purposes. 
I  lie  ax  ei  age  lange  at  wine  h  radar  coin  ac  t  was  made 
on  a  1'  boat  dining  ibis  pel  iod  was  about  1000  yards, 
with  i lie  maximum  range  being  7000  Yards. 

(  oast  a  I  Omni  land  was  also  ex  peri  men  ting,  during 
ibis  period,  with  a  searchlight,  carried  in  n  Welling¬ 
ton  a  ire  i  all.  to  provide  illumination  for  night  attacks 
on  1 '  boats. 

,L,‘I  Sinkings  of  U-boats 

The  sieadilx  upward  trend  in  the  number  ol 
I'  boats  sunk  or  piobabb  sunk  monthly  continued 
throughout  this  pci  iod,  leaching  a  new  high  for  the 
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"'as  in  I  >ti  rinlit  >  l!»i[  uii.  it  I;;  l  -imals  ma  U  lit  u  d 
lo  lia'r  Ini  it  In«i.  I  (muiai.1  .  ii  should  Ih  k.  |*i  in  mini! 
dial  i In-  iaif  <>l  iiiiii  .iv  in  iiu  ii i hi t in  i  of  1’  lm.iis 
'link  was  sum  Ii  ioua  i  ll'.m  lin-  i.tlr  of  im  it.ist  in  lin 
iUlsiilxi  <il  l  imais  .1:  v.i.  mi  tii. ii  liu ',u-i;i"t  l  l«i..i 
•ii  m  .i  had  a  sinnfi  Mii.iliri  tni>ii.ii>ilii\  lain”  '.inik 
in  lliis  (Hiiinl  ih.ni  in  riiini  >>l  tin-  imi  niii.ilinu 

|  ill  i>  h!v 

I  In-  lui.ii  mitiiiiii  ni  « m  ini  I  -Ihi.ik  sunk  dm  in” 
lllis  !>-lnonlli  jH  iiud  u;i>  i  i.  i  him  ni  tiii  'i'  ii'i  lr  [u>t 
ii>  the  Atlani it  1 22  l.nin.iii  and  S  Italian}  and  !  •  ii: 
iiu*  Mediu-nam-aii  (>>  Ocnsian  and  7  naliatii.  Our 
|a|iaiit  v  l"  1iii.ii  was  |ii'iili;:l>iv  sunk  in  tin-  l*.n  iln 
dm  ill”  !  Virinliri .  Tuidin  man  l  '-liti.il>  wt-ir  known 
ni  hau-  Im  ii  !ti>i  in  iln-  Kail  it  as  a  n-uli  <>l  lollisions 
'villi  liicirowit  uafi. 

'milatf  oa!i  ninii*n:t  ii  n>  In-  i In*  innsi  •.■Iln  l>\r 
ii all  in  siid.iii"  I  -Imais.  anmmiiii”  im  ”iin|  ihrall 
I  'iitiais  sunk  in  i in*  Adamic.  Anmln  i  iwi  writ-  sunk 


as  a  It  still  *  'I  1 1  mi  I  til  It  1 1  all.it  ks  1 1\  s|n  j  »s  ant  I  a  ii  1 1  ait 
I  ttt  i  ’.tin  1 1  is  i  as  a  it  Mill  ni  .tilt  i  all  all.u  k>  and  tint 
nas  Im  |  ti  t  It  a  1 1  li\  a  sill n i iai.il  it-,  Iln-  t  il  t  imi'l.nit  t  ' 
multi  width  iln  ■  >i i 1 1  i  !i\t  t'  I". Ms.  ki!"'an  1 1 >  hau 
lit  a  ii  !•  .si  in  iiu  \i  lain  it  .  wt  If  .link  au  i  n  >t  kiin't  r 

lit  i  in”  iln-  iasf  si\  miitniis  ni  In  ] !,  uni  <tii!  til 

t -\t  i  v  iln  1 1  t  la  >ai  s  ai  i.n  knit  I  a  'in  I  n  t  t  i  a  1 1  u  is  ar 
it. I'!  t!,llli.l”t  d.  'aillit  i  .lit  tilii  a!  i  \  t  i  I  st  1 1  n  ,'t  1 1  at  kt  t 
t<  as  sunk  <n  lntilialiK  sunk. 

,  !  M  R  VIA  or  Rl.sri  .TS 

in  from  ihe  I'-boats  Point  of  View 

1  In-  au  i.i”:-  immlit  i  ni  i  ’  Imais  ai  't  a  in  iiu-  V- 
lanlii  tint  ni”  ;  I  it-  ilntd  iitiimi  was  aimnt  at*.  duet- 
iiiiii  s  as  ni.int  as  in  iiu  |  a  f  t  i*  'its  |  h  i  it  it  I.  llifii  main 
tlittll  was  tint  t  It  t!  in  l!tf  imm  o!  null  p.nk  all.uks 
against  I  in  \m  lit  \i  l.nn  it  1 1  mutt '.  I  in  \  tin  I  'in  m  t! 
in  imtiii”  iiu  Vilit  s  io  ado|>i  tunijt!.  t  ml-io  t  ini 
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In.iki  5.  DT.  hi  in"  llrilu*h<»">  on  >li.iLciloi\ii  tiiiw' 
I’mmo  lili>  t  in  Ih-  m.vii  .»In»\v  lint  ImiW. 

v'miiI  l  <»i  iiii.ii  ii;ii)N.iil;(:i(i<  u;;iur.\  iri.s  iln  *  i it  li- 
nhelv  (ailetl  in  their  m. tin  nhjitne  < >1  1111111141111 
. %ii|i|>IiVn  In  l,.i>”l:inil  anil  inum.l  ihe  nn!  ni  thi' 
jn-rii>i!  1  lieu-  win'  mm-in  <>i  tin  it  'liiltin-4  i<>  mhei 
HIYIin 

l);-.jii:i  ilii-  ihminiii  iiitit.iM'  in  tin-  .1111.141 

niiiiiiiti  .11  m.i.  ilu-  l.'  imatN  in  i!  .il>!i-  in  link  mill 
alum  1 J  'liijiM.1 .1!  11  ui  1  liiii.niMi  41  n"  vm-.  nn  hi  ih  K  >11 

Hu- Ailaitiit  ihu iii'^ilii- j).i ii«i.  hi  .iliotn  1'a  |*  1  <1111 

!ev>  1 1  uni  in  1  lit'  in  ii  n  im  [  M.I  i*  h!.  !  Ill-  Itit.in;  1  lt.11  ill. 
aitT.i-4e  l  '-Imal  u. in  milt  Miikiti'4  .1  lillli •  «>«i  i  mu  -hip 

n|  a  limit  Vain  mihm  lillli  jn  >  iinniili  ,n  m  .i.  nn!  u.in 
therelme  i-ui\  ;•  I  m  (in  inifliini  lit  .in  iilalin  .in  in  thr 
jiliA  i'HiN]Ki  imi.  I  Isis  ihnji  in  1  Iln  u  in  i  hIIi.'niIh 
uni fi'liil  eiaMie  im;  11114  nt  iniiin-.N  ;nn!  ilu  nr. 
lajihl  i  \ jiaii'ii ni  in  f  lu.il  |«  I'lniiii  i.  1  hi'  l.ntii 
lulliiitimt  ii-uiui!  in  .1  it i-4 li  j »t * ■  j ■- n  1  :■  n ■  . ii  I  I.h.iIn 
In  i 1 14  Mink  mi  1  In  i  1  In  ni  i  Mii'i .  I  1st-  :  -.aviu  1.1111014 

n|  ( 1  ltl.\  1 1\  n  :i!mi  l|-N|l!lii!  !!':  !i  -All  nitll.liH  hi  tin  ft! 
initini  i'Ni  *  ii  t  n  .nn!  (  -ltn.il>  anil  i  hum  ijui  ntli  tin 

aifi'a^f  l "-lai.il  k.in  ifl.iiivi  U  linn  Ii  mIci  i!iii  1114  >ln- 

l!lilli|Kl  imi.  Ain  .111  .if.  I  I II  I,.  In  Hill-  Mink  nililllllK 

ill  ilif  All. uiiu.  ni  1  in-  .'in  ai  v.t  nn  the  a-.c  1:141.  .uni 
<<>iiH‘i|iii'mh  i in-  avv  1.141  iili-  ni  .1  I"  lm.ii  ai  m.i  u.in 
alinllt  *1  nmnlii-.  ini  Hi-  ill. in  Hi  in-  ;n  [11114  •"  i<  hail 
liivii  ill  iln*  |iii'\ iniiv  jii'iim!.  I  In-  aiit.14’-  M  Imal 
ilnrii i”  iIiin  pet  imi  u;in  'inkiii’4  ten  'hip'  "I  almni 

■|IMMHI  4414.  4;  14.  i,  iv.iN  Ninik  !■*••!!.  I  li'tjt  c‘. 

•  IfNjtiu-  till-  inline!  lili  l iin>- ■  i!n- in i-f a»r  t  "  lm.il.  tin 

f\t  iiaii4f  rati-  wa»  alm-.ii  i>>  |kt  n-ni  Iinn  than  in  the 

|>ii'vimii  ju  t  imi.  ii-liii ihi.4  till-  ilfiti-.iMil  flitiiiii- 
iii'nn  ul  1-lmatN  in  >tiikin;4  'hi  | in. 


I  hr  iiiitnhiT  n|  nn*.  111-4-11114  (>1-1111. in  I  l.-nais  m 
inniniiNNiiin  was  t \|i.iinliii4  .11  a  n  il  t.ipitl  tan  in 
m-a>iii4  limn  ahnin  a  I  ,n  the  !«  4!  1 : ss i !  14  ..!  ;!,.- 
|>Ct  mil  In  alaml  l!tlll  al  1  lit-  1111I  nl  Hill  Mn.ni  17  1 
-  (-rrinan  I  l.n.iatN  ivi'i :  * . iiiiiii Inmi  11 11  il  iitn.iii4  miin 

jHl H nl  u ii iii-  mill  alinul  '_\S  in  u-  |. ni .  l  imn  1 1.,  t  ,mnt 
»l  1  uu'  nl  1 1 11 1 11 1  if  1  aim  if.  1 1 11  l '  Imal  n  1  >lli  1 1  1 1  .1  1  mi 
Ntilil ahlr  lltirai  am|  it  Menu  1!  !;ke!i  iii.ii  with  in 
itC.lM't!  f\{n  I  If  In  t- n  I  Ilf  flit  1  I  II  I'llfM  nl  ilifM'  mu 
i  -imal'  nniiiii  iiiiu-im'. 


'  I* rout  1  Itr  Allies'  Point  of  View 

I  m.il  'hi|i|iin4  liiNNi-s  n|  tht-  Alliril  anil  tiiiitia! 
tiatlntlN  ilia  1  f .1 M  it  1'  1  iilia.lHIO  41  iinn  Imi'  ninnt hi\  1I111 
1114  I  hi*  tlnii.!  |  nt  .ml.  wit  ill-  l!:r  htiililii)"  lair  nl  urn 
Nhi|>|iiii4  im  n-.iM  ii  n>  alinui  I7."i,!HKI  4m"  imi' 
.amn  till.  <  :miMi|iiuii|i.  1  in-  mi  mnnihii  Ions  nl  ship- 
[11114  uas  miii  lSS.0110  410"  Iiiiin,  alinui  l'i  pm  mu 
IfNN  ilia  11  lilil  iii4  the  |1|II  ill  ill-4  pel  imi. 

tit  l  Ilf  alia  .III  It  I  41 1  .nn  1 1 1|  in  nt  n|h  jlr  ii|;4  !i  inI  llinnt  till , 
alinui  nun  41 1  in-  tmiN  naif  Inn  In  >m  11:1  aiiimi, 

I  Imat'  au'itn:ti il  ini  lr7i,nnn  4hinn  inns  a  ntnutli. 

II  | n  1  i  i'ii  1 1  »t  tlif  inta!  |i  -m  in  fii>  ini  .11 1  imi.  Mi  nn  hit 

1.INM  N  In  f  Ilf  nil  .1  i-1 1,1  It  im  tf.iNf.l  In  T.'i.'HIt!  401NN  tmi', 
ivtiilr  the  IiI'mn  in  i-mini  Mill, ni  1 1  a‘l  ihnjijii  1!  in 
nr.lt  1  ,.iMin  ”  1 1  inn  iiiiin.  Mims  ueie  le'pnnMhie  Im 
ntie.  I'.t.iMtu  4111NN  intis  a  1  unlit  Ii,  while  nihi  1  a;n!  tin 
km  in  n  1  aiiMN  ainmiitfil  Im  ,'!7.tHMI  -jiunn  imn  a 
t,  mill  h. 

1  lie  rm  a!  'hi|>[nii4  at  a  i  la  hit  ilia  tea'iil  1 1  nm  a!  mitt 
.Vl.nlHI.nilll  “MINN  lnllN.lt  till  I  il'4  i  1 1 1 1  i  I  |n  111  thi'  |  it  l  ini  [ 
tn  almiit  .>.i..>IH,.llilO  at  the  im!  n|  lilil.  Imi  tin  nj. 
uanl  Item*  iti  Mtijijitiiv  I.innin  Mriiml  in  hate  liieti 
t  hei  kni.  I  he  ntitiilii  t  nl  lit  ii  i n{  1  .mi in; hi  1 1, a  1  itte  'hi in 
Miitaiiie  im  mean  f'lm:  hail  iimi.iNfil  nmn  a!  ni-i 
n  •  at  i!te  Ntait  n|  the  |  hi  mil  tn  a  I  mm  'a  11)  at  1  hi  1  tu! 
nl  i!» i  I .  In  aiithsi:;::.  min  n;  tile  i  niteil  Male- 
iinn  tile  uat  aililtal  alinui  I7.">  tleslinu  1  n  tn  tile  alin'.e 
IIIIIIiIh'In.  hilt  tiiain  nl  liielii  lute  1  nininii tfil  in 
.11  timi  iii  ilit-  l*.n  ilu  . 

I'tmtt  tile  lielfiiNii,  ] H tin  1  nl  inn  ihe  i  -Ihi.iIn. 
uliii  ii  iniiNiimii  i|  tin  main  1  hi  i  ii  tn  Mlieii  Nfii|i|iiii4. 
Nifinei!  ii?  hate  heen  ililf.,tiii  in  tin  I'l.mle  nl  tin 
Atiaitlll  <htlill4  thi'  ll-in!  iii, I  ,,,,,  ,A|ie:i- 

1  in  11:4  iiiiia  ni;i  in  Im  at  1114  Aiiiei!  i  mn  nn  amt  e u  it 
n  lien  1  lift  till  I  tin  ale  a  1  -  it  11  m ,  ilu-  i-n;  1,1  In  1,  r  1  e  41-11 
eialit  aiili-  in  heal  nil  the  unit -ji.ii  k  an, tik'  uilhmtt 
Nei  imiN  liiNMN.  Shi pj  *it!”  Jiinni  n  in  1'  !  h  ia i n  liaii  r  -  a  n 
ki']>l  ina  leaMinalilt-  leiel, . mi-mlri  in-4  tin-  ihihiIk  i  nl 


coNiini.xn  vi . 
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l '  hnals  at  si  a.  w  !h!c  shipping  t  onsi  1  u<  i  ion  was  “t  it  I 
iiallx  i 1 1 1  i  casing.  I  |n\w  v<  i .  hum  an  olhnsiw  {joint  ol 
\itu.  liir  i  boats  ivi'M  st  ;ii  n  ialivi  l\  sale.  Ssniair 
(Kill  acting  .is  (<ni\m  cm  oils  unc  the  onI\  v.-»mmis 
thirat  [«»  the  \  !»nai.  allhoutdi  aiictall  ucic  ; » i ; » < !  1 1 
a  1 1  \  Inaomim*  nunc  clirtinr  m  liaja.ssin^  and  dam- 


a^iii”  l  Iioats.  h  semis,  i  hn cfoi c.  that  the  u 
situaUon  in  l  hr  iialtlcol  (hr  Atlantic  al  ihr 
l‘Jll  v\.is  Mni“hl\  ihr  same  as  the  situation 
};»;-vail(d  at  the  ru<!  ol  U’oi  Id  Wat  I  that  i' 
shipping  losses  <  hr<  kcd.  hill  with  the  I'-hoai 
t  i \  r!\  sale  a  l  sea. 


cnri  a  I 
(  lid  ol 

w 1 1  i  ( 1 1 
s.  with 
ts  i  rla 
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Chapter  I 

FOURTH  PERIOD 

HEAVY  SINKINGS  ON  EAS  E  COAST  OF  UNITED  STATES 
JANUARY  1 9  1 2- SEPT  EM  HER  19-12 


'■I  r-r,ovT  oi  1 1  nsi  vi 

f'l'tiii  i.irmwn  stalled  this  |  ><  ’i  i  ( >«  I  uiih  about  JOU 
A  »n  < ,m  •  *i 1 1 ^  l  I »i i;i  1  ••  and  1 1 c  w  l  boats  w»  i  r  hi  m;.; 
«  him  1 1 1  issim  ted  .11  I  iic  1  .lire  >i  ;il  >t  ml  JO  a  n;  mi  ill.  \dmi 
>  .i  1  l)(xuil/  was  l!»r|  (lull  .i  1 1 1 « -  io  in. i  i  1 1 1  :i  i  i  >  a  i.ii'M 
m  ;iU  1  boat  ttlJriiMNi  * »\ t  i  width  spiral!  Jlcas 
i  III oulJiuui  this  | >(  i  i< u i .  I  1 1 r  ;i\ri;ii*r  nmiilu  i  oi 
l  litt.iu  ,u  mm  iii  iIk  \ I ! .i 1 1 1  i«  i Ik  reused  stead  ih  limn 
J*J  in  f .i i i :i:i i  v  l!M  J  D)  !!.’>  in  Si  pi,  ndu  i  liHJ.  Inaddi 
lion,  dun  win  about  JO  i  boats  in  the  Mtdiicii.i 
in  .in  .inti  about  JO  :i\ aii.ihlr  im  opn  at  imid  iii  dir 

I*. Ill  Ills  St  .1  I  lit  m  I  ho.llx  \,i  It-  Mm  tl  III  .1  xlit  C  ill! 

v'lloi  |  Hm  10  Mlp|  >iv  lull  V  to  \!li«d  1 1  111  <  '•in  1  .ill  I  .11  id 
Russia.  J : 1 1 1 . i i'i .  :U  llu  Mat  i  o|  tins  p«  i  iod.  h.u.1  ahum 

,  i  l  boats  u  hit  1 1  opi  i  .m  d  in  i  lit  !*..«  it  l  c  ,iiid  I  inii,  mi 

<  >i  i  .in-. 

I  )<-'j  >i  1 1  this  u  nit  ■'i.)i  c  .id  Imui  .  i\  i  i  \  i  i  v .  du  in, lin 

1  Mil  It.  (  Mill  1 1 II.  (  d  1(1  ill  lot!"lll  in  lll>  \  I  l.llll  i(  <1(1,111. 

1  Ik  ■  .  dm  in*.:  ili>  | it «  \ ioijx  ]»  i  i"d.  I  boat  opi  i.i 
i  ioii'  ,i*2  j  in  iMHiiii!  -Ii  i]  »|  •iiiv  li.nl  hi  r  n  'h  .id  i  h  I  «■ 

t  iimin^  .on i  !•  "  j »n«l i !. d .•!•.  .  I  In  :i\t  \n!d 

1 1 .1(1  I »«  »  II  I  (  dill  <  d  io  .fix  111!  till'  sill  |  •  'link  |  H  1  [  hi  1,1 1 

1 1 1 •  V] 1 1 } I  - 1 1  '<  . i  d 1 1 1  ill;.*  1 1 1 *  I.i 'i  | »«  i  i •  »t  I .  {  } i ,  >  t j  H  i . 1 1  i <  > 1 1 

i  m> I  (  i m \  •  A  I  I <  •  . «»  I  i  i  I  >■.  (  «  in  1 1*  I  I  **S  I  iud  I »«  i  li 
I  >.  1 1  I  !(  (I  I.I  I  l\  t  O  '  I  1  .  A  s  •  0 1 1 1  V  1  W  (  »  mi  I  f  111  Ml  'III  j  lx  »\  (  5 1 

mjiiL  .is  .Reims!  Ohm  l  !;•  i.it '  -aud  li  j ’  nannal. 

l  Ik  1 1  .  it  i  :i !  n  i  l  li*  i  nf  i  v  of-  l  in  I  .  S  i 1 1 1 1 »  i  in  '  u.ii  . 

f  luii  :.lfr  I  Ito. ii'.  ( mnmi.uirj.  du  n  -i  jkIi  lor  \\t  ak 
spots  in  llu  MIi(.d  di  l(  iim  s.  Ip  .nli  (1  V'i  'lu.ild  lor  ill* 
\i/n  l  ii  .in  ( <  t.i'i  in  J. iim.it'.  IIM  J. 

I  {li  I  ho,ri>,  uodlir;  tin  n  v\ .i v.  down  ilir  \nrrli- 

<  .iii  <0.1  'll  1 1 1  (  hoiii  tin  \i  w  found  I.iik  I  li.nd.s.  Imind 
<\:nll\  llu  v.i;d.  \|i(ii  lilt*,  win.  Nu  ik  h  t”  lot  lie.  d: 
liiimds  ol  l  In  .ii  in  llu  I\m  i  f  1 1  .md  ( i  ntimii  nu  nis  m 
n  j  ii'ji  I.i  mil  «  >i  oi  I  « iiu  hiding  dt  'I  ium  i  s  1 1  .iiisli  i  i  <  d 

io  i!n  l»i  iiisli  in  1'tjln  i  oiii  i  due  <  d  to  tin  l  iiihd 
Sl.ilis  !.!<!•.  )|  |  )|  (  |  I.I  I  (  diU  S'  lot  Llu  si  .ill  ol  Attaik 
I  mm  Ik  d  1a  llu  l  liiMh  on  i It*  \ 1 1 . 1 1 1 1 i<  io:i'i  in 
I  0|  J.  I  lu  loicis  ;i\ .i  i  l.ihlr  In  ininb.i!  llu  si-  riirim 
.ii  in  ii  ns  win  tri.ili\il\  milt. Hind  :md  1 1  n.  ■  \  |  n  1  I 
fined.  With  du  limited  minion  ol  .mi ixubni.u  im* 


<  t  ah .  bm  it  smi  ;n  c  and  air,  a  t  i  in  it  disposal.  du-  i  .  v 
Nii\  \  was  iiito  I  j  1 1  •  to  si;;  t  i  mmi-.\inji  c  oast  a  I  shipping 
imiiit  tliaieix .  *  ii  j  i  uird  dm  ini;  the  rath  months  ol 
I  01 J  to  (  o\  i  i  du-  loii”  <  o.tsia  I  ionic  I  )\  pan  ol .  I  Ids 
pimhsied  a  minium)  ol  allacks  on  l  :  boats  Iml  ii 
laded  to  j 1 1 1  \ rn i  (Aiii  incli  lictiw  losses  oi  shipping 
^  diiii”  uiicm  (tiled  aloii”  (lie  toast. 

I  hnal  acli\il\  in  the  West  Adamic  bey,  an  on 
|.iimai\  IJ.  IhlJ.  when  die  In st  sinking  west  ol  <il) 
\w  st  loll"  il  u  de  o(  t  u  i  u  ( I .  A  lot  (  f  rd  a  hoi  it  JO  l  -hoa  l  s 
hci*aii  to  opi.iate  oil  i  lu-  Atlantic  scahoaid  oi  the 
I  luted  Slates  and  in  the  (oasial  a  lea  ol  \o\a  Scotia 
and  \(  w  loitiulland.  I  hese  (’-boats  tun  ladui  m- 
h  (  tin-  m  dun  tlioiieoi  l. u^els,  piehilin^  lankrts 
.iml  lai^ei  t  aiyo  ships  and  avoiding  (oiivow.  \s  Ion.” 

a*>  v.oith  while  tai^els  ahouilded  in  die  loint  oi  mi 
at  nu  1 1  and  liliesi  oi  led  sinj.'s,  the  I  ’  ho.it s  kept  (  leal  ol 
i  si  oits  as  (  n a-  miliol  damage  nii”hi  well  han-  pie 
\«  uied  tin  it  mi  m  ii  io  distant  liases. 

I  hi  I  bo. »i'  1 1 ) I i i (  led  i licit  hc.niesi  Iosm  s  in  |ami 
,u  )  iii  d;.  I'.asiiiii  Si  a  !  i  otll  il  1  ,  sinklM”  !  i  ships  ol 
a  I "  ‘it!  |l*|t.ni!(J  <»M)Ss  lolls  v.illt  .1  i.nej  plopol  I  UT  ol 
.du.. .low  x  mi  i  hi  i  iii”  at  loi.d  points  ol  shipping  six  h 
«•'  (  apr  I  I, ii  iii  as.  \o|ih  (aiolina,  and  I  lampion 
Ko.m d.  \  ii ” in  ia.  \ hmi t  VO  (ion  ”i  oss  ti ms  cal  s!t i ppi ii” 

I  u  i  i  e  Mink  In  i  .  iioais  in  e.H  li  o|  die  \on  1 1  west  Allan 
in.  <  a  Had  i. m  C  oasial.  .a  ltd  .  BV  i  in  nda  \ii;as.  IheiC 
u  as  a  out  pat  at  hr  !\  I  it  lit  ,u  tiviiv ‘in  the  ten  lain  del*  ol 
ihi'  \d.mdi  ,  Iml  |.ipaii<si  l  l.xiais  >;i i ) k ./><*. 000  ” i  oss 
ions  ol  shipping  in  llu:  IVu  ilu  and  Indian  (iii  ans. 

I  he  total  losses  lot  die  month.  Id  ships  ol  VJ  1.000 

” )  oss  i.ons  sunk  h\  l  hoa  is.  wet  <  I  it”  lu  t  i  h:i  u  those  in 
a  1 1  v  1 1 uni  I  Ii  in  !  lie  p!  e\  iolls  pel  iod. 

llu  siniaiion  licianie  tnmh  <\ots<-  in  h  A  In  1 1  ;i  i  v 
!  ‘M’J  \s  uli  the  u  oi  !d  w  ide  shipping  Iijsm-s  id  I  hoa  is 

I I  .K  1 1 1 1 1”  a  i k  u  hi” 1 1  lot  die  wai  as  !SJ  ships  ol  ITo.lMlO 
O.s  I  oils  Util  stink .  \l>onl  00  pel  (  1  111  ol  1  lu.se  losses 

oi  c  ill  l  i  d  in  I  he  I  S.  Nil  ate” ic  \»ea  as  die  imijd.ifr  o| 

I  boats  opei  ;n  ini*  in  the  West  \ t  hiii!  i (  iiu  reused  and 
I  boat  ,n  i  i  \  it\  spn  ad  Ini  diej  smith  with  ships  lieiiij* 
stink  oil  die  i  oast  ol  Mm  ida  and  in  the  Canihhean 
Sea.  l.mkil  losses  lonlmued  In  he  sevije.  with  ill* 
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l, inker  n  aflit  to  and  Iron-  the  WVm  Indian  anti  Yene 
/iirhm  nil  liricls  being  an  obvious  objective  ol  the 
l  ’  boats.  I  his  was  shown  In  an  ailm  k  <  :n  i  led  on!  h\ 
several  l  boats  on  l-ehruarv  lb  mi  six  tankers  oil 
Aruba  a  rid  in  the  Culfoi  \  eiu/uela.  live  i)i  ing  Mink 
and  one  m  riousiv  damaged. 

Dm  in*.’  Ma»<h  the  l '-boats  <onlinued  tin-  same 
I  ac  i  i«  s  u  it  h  ii:i  n-ased  mio.ss  as  I  Ilex  sank  hi  ships  ol 
.V'LkOOO  giuss  {mix.  \  !i.  J  .iiii  in  Sea  Prouder  am 
I  in  tied  to  be  the  most  at !  i\  r  ana.  with  ovn  I  -r>()  (HIM 
^loss  ions  ol  shipping  sunk  ilk  ie  l>\  I '  boats.  Possiblx 
In  w.n  t > !  diversion,  a  gmup  of  l  boats  operated  in 
ilk*  I- 1  ((Hum  i  Alia,  sinking  n\ci  aO.OOO  gross  toils 
I  here. 

I  he  one  ein  out  aging  leal  me  ol  ilk  niniit  h\  opt  i 
at  ions  was  da  Inst  mimi-ssIuI  aitatks  on  l '-boats  in 
ilu-  1’.  s.  S 1 1 a i « •«* i c  Aiea.  I  wo  1'  boais  wile  sunk  in 
Man  li  is  a  1 1  still  ( *  J  aliat  ks  b\  l  S  \av  x  a  in  tall  in 
1  be  ( .ailadian  ( ioasial  /one.  ( )i:  April  I.Y  l  '.NS  Unfu- 1 
sank  (’  So  oil  Cape  Halle!  as.  puling  up  2?)  bodies, 
ior  the  In  si  t  on  In  nied  sinking  ol  a  I  '-boat  oil  ilu  1.  S. 
i  oasl .  I  lie  number  ol  all.u  ks  oil  I  '  boats  ill  1  lie  i  .  N. 
Nliaiegu  \ir.i  luitl  ilk  l  eased  liom  about  I  a  in  (aim- 
.11  \  h>  about  hi)  in  \p>  i! 

I  best  molt  t  (let  live  (  OIIIIK  1  lileasiu  es  plobablx 
piaxed  some  pat  i  m  i  a  thing  a  -a  ii.il!  t!<  ot.iv  in  ship 
pill',',  loss.  in  Ypi  il.  but  a  l stole  impoi  i.uit  f.i<  mi  was 
i  he  It  ulptli  at  \  siispt  n  bon  ol  Mji  lin^s  in  t  ell  a  in  aieas. 

I  -boat  attixiix  vpuail  hi  tin  Iba/ili.m  \iea  timing 
\piil  as  tht<(  ships  w<it  •Mink  oil  tin  ninth  toast 
ol  lb  a/il.  plobablx  bx  I r .i I i.i 1 1  I  Imajv 

.In  t  lie  midi  lb  ol  Max  lri  |J.  ill*  I  .  n.  \av  x  was  able 
to  .stall  tonxuving"  shipping  along  tin  east  toast. 
I  bt  t  lit  i  t  -ol  i  In  inst  imt  ion  ol  i  liese  t  onx oxs  was  im 
tint  I  ia.h  lx  appall  ul.  I' hr-  I  boats  avoided  rsiojlcd 
shipping  and  lh«  tonnage  stink  hv  l  boats  in  jb« 
I’.i  I  st  (  III  S<  .1  I-- 1  !  1 1 1 1  i  c  - 1  III  Max  (.hopped  to  2>-  h()()  g|  ns. 
tons.  I  .< s»4 i c  a!!x  cm muh.  tin  l.  boat-,  -«>ughf  out  ilu 

I I  ilia  thing  s».»ll  spojs.  when  linest  oiled  lia'lht  had  lo 
pass  dnough  lo.  a!  aieas.  and  opi  r.n «  d  at  i  i.Xeb  oil  the 
moil  ib  ol  1 1  it  Mhxixxippi  and  in  t  lit  H  ut  a  tan  < .ha  mu  I 
b<  I  wet  n  (  uba  and  \  it  ai  a  glia. 

Mllioiigh  the  a \ ei  a" i  nmnhri  ol  I  boats  ai  sea  in 
ilu  (.nil  Sea  I  loiuiei  in  Max  l!H2  was  oiilx  about 
loin  .  these  l  boats  sank  i  I  ships  ol  !f2h.ii{i<j  gloss  tons 
I  lu  1 1  dm  in  *4  l  be  n  ion  1 1 1 .  an  all  t  in  ie  I  *  i<* ! ;  Ioi  sink  iligs 
bx  1 '  I  i«ia  is  in  anx  ai  ea.  I  he  axel  age  n  mill  u  i  <;!  si  ups 
ai  sea  in  the  (ml!  Nea  Ptoi/liei  was  about  7a.  so  ilu 
axel  age  life  of  a  ship  at  sea  at  that  time  was  less  than 
two  months  at  dial  talc  ol  sinkings. 


Sinkings  in  the  ( .art hbra u  Sea  I'loimei  also  in 
(leased,  reaching  about  I  70.000  gross  Ions  in  May. 

(  onseijUeiitSx,  despite  the  deilvase  in  flu-  Kastern 
Nea  !•  ton.  iii.  die  losses  in  the  t'.  N.  Strategic  Area 
i e;u  bed  a  peak  ol  I  I  b  ships  ol  -if  >7 ,000  gross  tons  sunk 
b\  I  boats  in  May.  Hie  world wide  shipping  losses 
to  l'  boats  afsn  bed  a  new  high  lor  die  war- as  !2I 
ships  ol  bUl.UUO  gms\  ions  wei  e  sunk  dining  iliis 
month  i  iie  mmihei  f>l  attacks  on  {  -boats  in  the 
Meslejji  Atlantic  showed  a  pi'Oin  isiisji  iiiiieUse,  how- 
exei,  and  i wo  l  -boats  woe  sunk  bx  1‘.  S.  Coast 
(maid  (litters,  one  in  die  Kashin  Sea  1'iontiei  and 
one  in  die  (mil  Sea  Ki  onlit-r. 

f  lie  world  wide  shipping  hoses  to  1  '-boats  i  eat  lied 
t  heii  highest  point  in  t  lie  war  in  |  line  I !)  1 2,  when  l  -il 
ships  ol  707.0011  gross  Ions  were  sunk,  f  he  bulk  of 
tile  int  lease  o\i  i  the  ligmes  lor  .Max  was  accounted 
Ic'ir  b\  im  teased  activity  b\  Japanese  l  -boats,  wliitli 
sank  70,000  gloss  toils  in  the  Indian  Ocean,  niostlx  in 
tin-  Mo/ambitpie  Channel.  l  ire  shipping  losses  in 
tin  i  .  S.  Nnaiegic  Ait  a  weie  about  the  same  as  in 
Max.  falling  oil  in  (In  (bill  Sea  IVonliei  bin  ton 
tinning  to  im  lease  in  the  ( iariblx-an  and  Panama 
Nea  loon  lien.  Mine*,  writ  laid  in  (be  Chesapeake. 
(  a  using  sexei  a  I  <  astiali  ies  in  J  title.  I  bis  mine- lax  ing 
max  have  n  pri  st ailed  ilk  Inst  e  ffort  ol  one  ol  die 
MiOO'ioii  mine  lax  ing  l  boms  imrodtifed  Irx  (,ei- 
mair.  at  a  bom  that  lime.  ( )\  ri  I  (10  at  tat  ks  wet  e  made 
on  l '  boats  in  tin  I.  N.  Nn  a  teg  it  A  tea  in  )  imc.  tin  et 
ol  ilk  si  a  i  lat  ks  1 1  suit  ing  in  sinking  \  boats 

Dining  Jidx  HH2  the  touxox  sxsitni  tin  the  east 
mast  of  tile  (  .  S.  was  gjeallx  (  '.tended,  w  ith  (he  bulk 
ol  shipping  li  axeling  in  tonxox.  I  his  jut  i<  a.se  in  die 
uiiiilbt)  ol  tbir.oXs  .lilt)  ail  'inijXov  emeiit  in  tile 
stM-ngth  <ri  i-Morts  writ-  probablx  mainlv  i »-sj>tmsil>h 
lor  tin  genet  a!  redmtioii  in  sinkings  of  shipping 
throughout  tile  I',  N.  Ni  i  a  legit  Alia.  Onlx  2a0.000 
gitos  (oils  < » I  slopping  x'.vre  sunk  In  H  boats  in  ilu- 
I  .  N.  Ntialegii  \ieain  J  il  lx ,  li’Ss  t  iia  n  b.a  II  I  lie  amount 
sunk  in  June;  this,  despite  die  lat  i  dial  the  average 
m  i  in  Im  t  oj  (  i.'oats  at  si  a  in  the  [' ,  N.  Strategic  Area  in 
| i«ly  was  al»oi!t  |*it  highei  ilun  in  anx  piexious 
nioiub.  hit  leased  aiittali  patioKaml  beitci  (oopei- 
at  ion  bet  wet-i  i  sm  lat  e  and  ail  units  also  1 1  nil  ri  billed 
malet  iallv  to  t  his  i  tabu  I  ion  ol  1  boa  I  el  let  t  ix  eness  in 
■he  wvo  \d:!!!'h.  A::m!!u-:  sign i!ca;;r  lad.«  ssasd.e 
1 1 n  lease  in  die  miiiibei  of  (  N.  <  rail  available  Ioi 
aniisubmai  ine  warlaie:  Hi  ships  in  Jul\  as  <om 
paied  to  ( i.S  in  \pi  il  ami  a«S()  planes  in  Julx  as  tom 
pared  to  .'»*>()  planes  in  \pril.  I  be  increased  eflet- 
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lixeuevs  ol  l'.  .N.  <  oimU'i'Uirasim  is  .iImi  ii liisf  t  ;i  1  c  el 
b\  tllf  J  ;i<  I  ( !  l;i  f  t  li<  *  1 1 1 1  in  I  ht  ol  l-boats  lost  ii*  I  hr 
f.  S.  Sira  lei*  it  Aim  learie'd  a  ne-xx-  hi»»|i  in  |ul\  as 
seven  xvcre  sunk,  iwo  in  l  asiem  Sea  Ironticr.  one  mi 
Cull  Sea  I  ronliet.  luu  in  Panama  Sea  IVoiiMei.  and 
two  in  ifie  Northwest  Atlanta  Aiea. 

A.s  a  result  ol  ihe^reath  U'dme!  losses  in  I  lie  West 
AUaiilii,  .he  t\oi  Id-  w  ide  shipping  losses  t « >  1  boats 
<ho;.p.-<l  io<M  ships  nl  l  Tli.MUO  i*i  nss  lolls  lit  Jills  MM2. 

'  louv'sci .  iik  leased  losses  weir  silliered  in  (lie  I*  l  ec 
town  and  A/ores  Aims  with  o\et  SO. Odd  »iov»  Ions 
sunk  bx  l'  boats  ill  each  ol  these  ai  c  a\  Mcaxx  losses 
wele  also  .illcnd  in  )nl\  in  llle  1  »al «*i i Is  Sea  Aiea. 
uiieie  leu  ships  ol  ti2.IMIU  “loss  tolls  Wile  sunk  bx 
{'  boats  horn  Coiivox  P()  17  In-.ulmi;  !oi  Russia.  in 
addition.  I.'»  ships  xxrie  sunk  lioin  this  (oii\o\  bx 
eiieinv  ainialt.  I  he  conxox  had  been  «»i deled  to 
m  ;llt  el  will'll  southeast  ol  Spit/hei  i»eii  to  led  in  e  losses 
hum  the  ninin  suil.icr  <  rail  all.uk  (hen  appait mix 
pending. 

!  he  shipping  losses  to  1  boats  iiuieased 
in  Nuensi  in  I dX  ships  ol  .i  I  I ,d! Ml  >.i <>‘*s  i* »»«s  ail!  well 
below  the  let  old  hi^hs  -  slablislie;!  in  Max  and  June 
III  1  !_*  i  his  i  tic  i  ease  was  due  ein  ii  eis  to  i lit  1  eased  a< 
lixitx  in  the  l'.  N.  Miate^ie  \ie.t.  when  the  Imsms 
mom  lied  a;;ain  to  N  I  ‘  hips  ol  IdV.UtHl  ;*1  ov.  tolis  Mink 
bx  1  boats.  (  )\:  1  hall  ol  tllesi'  hissc  s  im  UIK  il  in  till 
( ..nibbra  ii  Sea  Itoiithi.  xxhcie  tin  mam.  sole  spun. 
Xx  le  the  eastern  appio.nlus  to  1  iinid.id  arid.  the 
Wmdix.nd  l*.iss.ui«  ana.  \  *.Ooup  ol  about  ! » 

(  boats  at  Ilk  Xe  d  c  uiisidt  i  ahl<  sutscss.  «  spta  i.dfx 
a^ainsi  lanjois.  east  ol.  I  rim'd. id.  I  units  of  tin  2  1 
ships  stink  ilitn.  \m. i  e  saibn.u’ indi  p(  iitieni  l\ .  IM  d'r 

\\  i m.1  w  ,i i  d  I*.  (\>,|*^r  .11  (  ;l  I  I  ships  \\  (!  (  si  ill  Jv  1 1  oil  I  1  Mil 
X » ix  s  i  milling  bet  Wt  eu  Kc  V  A\  (  si  and  I  l  ill  id  at I  and 
i>>  a  xxeen  i 'a nama  and  Cuanum-mm.  I  he  a<  l  i  \  it  i«  s  ol 
pl.ibablx  'md  bi»,i's  o||  |  Jje  lb*  a/dian  «  oasi  tesulld 
in  sex  eu  *  i  nkin^s  and  hi  ou^hi  IU.i/i  I  into  i  lie  xs  a  i  on 
i  In  side  ot  i  In  Inin  d  Nations.  I  he  <  oast  a  J  wains  ol 
the  Al  lain  i<  lioin  Nnx.i  Scots. i  tin-  lip  ol  Moiida 
am  i  e  fn  a  1 1  oin  atiai  ks  l»\  l  boa  is  dm  1 1 n»  the  eiiuic 
inoul II  o|  \ii“  IM . 

I  he  ol  hn  si^uiluaiil  linul  "I  l  in  niont  h\  <  ipt  i  a 
I  ions  x\  as  i  In  )  <  mi  nipt  ion  ol  lai  m-  si  a  It-  at  ta<  ks  on  the 
n.msatlaiitii  ioiixoxs.  In  xieu  ol  tin  icdiued  (lire 
■  i\t  1 1  <  s*»  «  m  I  b.  p.ii  s  1 1 1  ilu  j  ..i  si  i  i  1 1  ,i  i  u  i  \  1 1 1  r  I  Sea  rum- 

I  in  s.  cl  m.  to  l  he  staM  of  «  on  x  ox  ii  ip  a  i  id  t  he  heax  x  ail 

I I  alt  (  oxn;*i»( ,  ii  xx as  nai in «d  ih.n  die  l  boats  would 
M'smite  thrii  attacks  on  the  tiansalbmln  tonxuxs. 
especiallx  in  alias  in  the  Noith  Atlaiiiit  out  ol  !  he 


ran^e  ol  land  base  (I  Allied  ait  <  i  all ,  ( )xet  20  ships  o I 
abom  1 2(1.01)0  t»i  oss  toils  were  sunk  b\  l '-boats  in  the 
\o:t!iuesl  At  lam  it  Aim  in  August.  I  he  heaxiesl 
losses  were  Milliard  bx  Convoy  SC  !)!.  whit  h  losi  I  I 
ships  as  a  result  ol  l  ’  boa;  attai  ks. 

Jill  hese  a  t  tin  ks  oil  (niixoxx,  llle  111  s|  i  j  ill  i(  a  I  ion  ol 
ihi1  present  col  l  boats  was  oi  lei i  an  1 1  !•  I ) I*  bearing, 
and  1 1  lest'  weie  ol  tpcat  assislanie  to  rst  oi  i  com- 
maiiders  iii  applet  iat inj>  the  siibse(|ueni  situation, 
shiphoi  nr  1(1  (in  i.idar  (SC  and  I  \  pe  271)  also 
proved  a  most  elln  ient  deteitoi  al  ni«hl.  and  the 
< 1 1 1 i<  k  adioii  taken  bx  cs<  oi  is  in  mam  (axes  (hwai  led 
ui"hl  attacks.  Ibis  appairnth.  inllueiK ed  some  nl 
the  1  boats  to  Irnipmaiiix  abandon  their  tatties  of 
iii^ln  Mirfaied  allot  k  and  to  at  tat  k  snlmu  r^ed  ill 
dax  ii«;hl .  \s  maiix  as  fixe  ships  were  I  oi  pet  lord  bx  one 
sab.  ti  on  a  da\  ait  at  b.  and  it#  lessen  i  hr  <  ham  t  ul  mu  Ii 
an  ext  lit  irmniii"  insliut  lions  weir  issued  in  the 
( 1 1  it  c  I  Week  o|  August  to  open  oitl  (lie  distance  be¬ 
tween  jIk  columns  of  a  ioit\o\  in  about  1000  xattls 
bv  dax  as  well  as  Ijx  ni^ht . 

I  lit  niimbii  of  l  bo., is  desiioyd  dining  August 
i  (  at  lied  .!  new  fii.^li  Im  the  wai  as  20  uric  sunk  oi 
piohahh  Mink.  12  in  the  Aihmrit.  Iixe  in  the  Medi 
lei  l  aneau.  a  ml  tlnee  in  i  he  Ihu  ilh  .  I  Wo  1  boats  u(  i  ( 
sunk  bx  t-st  oils  of  (  otixox  SC.  Ol  and  a  l’  boat  was 
sunk  in  i*i<-  { ..ii  iblx  an  Sea  I  i  out  it  i  Im  i  In  fn  si  t  ime. 
[  ! 1 1  i .  Mink  bx  a  ( •.  s.  I'PA  plane  souiheasi  ol  be- 

land.  1  m  lied  out  to  be  out-  ol  lb*,  he  w  HiOO  toll  snpplx 
l  boats.  I  lu  se  uele  Usi  d  to  jolui  l  bilu'A  ('  boats  at 
si  a  and  i  In  r  <  bx  (  n.ibh  d  i In  m  lo  es It  nd  I  In  i)  < )  (list  s. 
I  ht.se  snpplx  l  boats  ui'ie  ud<  tided  lostax  at  sea  Im 
as  lot  1)4  .is  sis  mmillis 

\i  iht.  (ini  of  \ii)4«isi.  the  toasiai  t.imox  sXstem 
was  fmtliei  < \ieiid(vd  and  \a  \x  btik  iiu  hided  as  mu 
<)I  ifi'  polls  in  tin  sX.sUlll.  In  St -j  >i  i  uiix'i .  Xcxv  S'oi  k 
also  In  fault  ihe  main  wesietn  ppi  I  lot  the  nansai 
l.miit  (onxoxs.  with  ll\  and  SCbonxoxs  be^iimiii^ 
and  <).\  (onxoxs  ending  their  jjassa^es  there.  All- 
i#l  hei  new  tlexelopnieill  in  September  was  I  he  eslab- 
iisinneiit  of  a  n  tnpoi  aix  i  rinlm  i  iiu;  »rmip  whose 
piimaix  objetlixe  was  the  (lest  t  lit  I  inn  o'  l’  boats 
i  a  l  lie)  than  the  i  mined  ia  I  e  dele  Use  ol  sh  i  ppiiij^.  I  liis 
.l*i  on  j » t  (insisted  <>!  ten  I J  t  i  t  isl  i  est  oil  s. 

I  be  shipping  losse  s  in  l  boats  dceicaoel  slii'litlx 
iii  Sejiit-mbei  it)  :»’»  ships  oi  IPU.OOI)  <»1  e»ss  lolis. 
I  lie  juiiuipal  anas  of  allaeks  on  shipping  uric 
in  tin  rasletn  apjnoathrs  to  Iimulad  and  in  the 
an  a  to  the  noiili  and  south  ol  the  Kepuitoi  belwei  ii 
I*  i  eel  own  at  id  A  st  elision  i.sla  nd.  I  I  in  e  was  a  Iso  t  on 


(.()\MIH A  I  I  \l 
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us 

siiirl  .!<  !  i  \  ii .1  |i  >nv  1 1 1 1  -  t  <  m  *  \  <  >\  l  miles  in  liir 

XuiiIuv-nI  \ll.miic  as  \w  II  .is  in  du*  (mil  ol  Si. 

I  awn-nit . 

In  ifir  Nn»  lliutsl  VilaiilN  \i  i  a.  \  bo.Ms  s.mlv  'JO 
slnjis  of  I  1 0.00(1  ”jnss  lolls.  I  hr  t  lurl  wdfi  in  on  dr- 
\mdi  I  la  ill  it  t  tiii\  i  «\  lo'iii’s  was  ON  I-'/.  twin 

W  hit  ll  llU*  Ol  S|‘v  1  -jto.iis  writ-  ill  tolil.Kl  i  *  »l  l"in 
i  }.|\  v  in  mu  i  cssioi ! .  In  i  In  r.miM  * » i  i  h<  m-  ai  i.n  ks.  Inn 

t»l  which  writ-  in. i«li  in  d.iv  I  Mill .  If  nine  haul  ships 
a  i u! ; ;;w  i  Mni  i  w i a  r  mi  i  >t •<!< ><  i  i.  loin  ol  i  Or  si 1 1 [ >s  i na  \  1 
- 1 «_* i * i o  (o  it  at  ll  }>o)  |. 

I  hr  iwu  \tiiih  Russian  inn\o\s  had  iti  fivjit  du  ii 
\\.l\  lliiiitu>h  innssai.l  l  ho.  1 1  ancl  aniiali  aliacks. 
losing  { 0  ^!;i in  ,  i- hi  in  i  ijoais.  Si\  w  i  \  jnoiii 
I*sl0."  ai  I  .if  ks  u  n  r  tail  ird  «»n  i  h\  tin  esc  m  Is  w  ho  nrir 
.Issjslrd  l»\  Suoiillish  ailij.dt  from  I  I  Ms  J/'J. 

i  his  was  lilt-  liisi  opt  i.nimi  in  whit  h  dim  isprol 
t  s»  «ii  i  (  ,m  i  ii  i  liatl  lake  n  oai  I .  I  hr  lo.ssrs  in  l  hoals in 
I  Ik  (  ai  i  I  fix  a  ii  St  a  limn  it  i  in  S<  pit  mix  i  I'.M’J  wn< 

J7  ships  ol  I  .10.0110  •_*,!  OSS  lolls.  t  olisltll  I  .1  hi  \  ll  ss  (ll. ill 

III  Wi^iM.  \  noialih  ItalUir  t»l  !  hr  ojxi.ifiolis 
.ii  ■  •  1 1 1  it  I  (lx  I  iinitl.id  Vita  was  l  hr  'iiil.in"  ol  ii  n 
ships  t  IlLi.l'X  ll  111  I  lit  \  .  1 1 1  l.d  )  jr  h.iusilr  Ij.lllt.  Willi 

i h>  in  nit  j uloi is  i i i«  ii.asr  in  shipp  in”  o>  ami  limn  tin 
S(  »n  1 1 1  \  I  lain  n  .  lh«  liinid.nl  \i  <  a  had  lx  i  mm  oil*  «») 

lh<  !ai”«  U  <1 1  i  1 1)  1 1  if*4  local  puhlis  in  I  h<  \  \  «  s  |  c  i  | ) 

I  It  mis|ji|ii  1 1  I  hoai  .«i  1 1  \  i  i  '•  had  uiti«as«d  .ntoul 
i 1 1 •  •  I \  .iixl  v.a  *  hrjil'.  sin  <  •  •sin j  , i i  {;?>!  I  ,n  I;  "I  mil 
a  hit  loir  ■  j  a  II;**.  sin  f.li  (  a  lid  .Ml .  t  I  .d  I  O  si  1  l«  >*  tl  I  jx  « I  is 
i  a  lx  c  !  I  • .  1 1  c  ( -.  l  ! ..  it  1 1  id  t  •  Hu  « >\  *  :  j  >u  !i  1  !  m  i  sunn  d  Imm 
I  i  inti  lad.  lit  ‘.mid  lh-  divj»«l-.*l  pojiUs  tlx  I  ho.ii*- 
had  •».  mi  1  }n  i  ill  in** 

\  1 1 «  i  a  \  I  a\  .1 ! .i I  tf«  i  s  i  1 1 1*  I  i  1 1  m  l.x  •  \  I «  a.  •  •!.»•■  •  i  all  v 
I  in  R.  VI  Sipiadoxt  •  •  ({nd'ous.  ‘.'.elf  jLiiifi/tti  n> 
ili<  in  int  *.s;  and  i  <  ui.loo  «  »n«  m  .iiit  i .  1 1 1  lioin  « « i  lx  i 
a  1 1  a  • .  u  ii  hid  I  Jr;  a  spe  c  ia  j  i  \  ll.iiin  d  l\  1 1  Ii  I  on  p  ol 

I  X  \  |  1 1 !  \  \|!  I  Iilci  Ii  I  S's.  welt  unit  X  l!  illlo  I  hi 

ai«M  J  iii  p|  list-,  v.  .is  plait 'J  till  olhllsi\i  optialiolis. 

I  |  s  j  |  |- .  •  V.  t  t  ps  I|\M  1 IX  »s|  j  |).(  I  V  l  1  n  .a  i  |.)|  ,1  I  X  H  I  S  i  nd 
!  mill  .1 1»  XIV  W  ill!  1 1  (  o|i\  *  i\  s  passt  tl.  I  lx  I  i  s|l  1 1  S  t.'.l  1  c 
I  .1 1  llll  '  IX  ‘  III!  .1'.*  II I V.  Ml  Sr  I  lie  III!  It  1  ,I'  ')III'  I  1  -*  ».f  I  U  .I  s 
a  l  id.  and  s.  » f  i  . d  « X  lx  »  j  x  <  xni  am.*  a  I  I.n  ks  w  n  r  made. 
I  h.  mi  uai  jon  l»  i  taiix  soi  1 1»  wlial  «  .m  d  .  d  1 1  i  Sc  on  mi 
I  .i  i  as  i  h<  mini  lx  i  ol  I  In  »als  in  i  lx  a  i  «.a  slat  l<  d  <  it 

I  M  .Mil"  Illlltfoit*.  Ill  jllsl  mil  llilll  UXIMlIls  holt! 
i  lx  ii  i  m i '  *iii..  \\  •  •;  J : |  \\  ,,i  :  i.  i  iii  i  nind  S| ,i i is. 
In  lilt  ilisl  ll  III  X  111  '•!  rsr  oiled  (oM\o\h  aixl  i  hr  pi  o 
\  i s j r ii i  o|  an  i  r »\ c  i  and  an  paliols.  hail  at  hiewd  a 
In* di  ili  o i  < «  .  ij  i  1 1 1 1 1 1 1 1 1 1  j t  %  1 1 1  itn  I  hoa  i  a  Mat  k  in  1 1  it  ii 

<  •  i. is i.d  w alt  i  s. 
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u-uo.vr 

,M  Convoys 

In  Jaimai'i  iO  IJ.  die  i  iioals  l Ml Mslci  l rd  l.hcii  an 
Jriii/on  lioin  i  lie  Man  sal  lam  ii  and  Iasi  Ai  lam  n  t  on- 
\ ovs  lo  i  hr  i inrst  m  l rd  shipping  in  die  WrM  A l hm i  it 
!  hi\  is  i  c  lift  it  ii  in  i  hr  I  at  I  lhal  mih  M)  jxr  t  eri  ol 
d if  shijjpinv  sunk  f w  I  hoais  din  inn  dm  hiM  six 
un xi d is  ol  10  11!  was  in  t  on\o\  w  lu-n  sunk.  I  his  pio~ 
poll  ion  im:  rased  a" ail i  lo  admit  di)  pel  trnl  diili:ii>' 
dir  (urine!  Jills  lo  Srpli  lnhfi  I  f)  I!'  when  dir  1)11  Ik  o| 

I  .  S.  «  m:j si  d  sli i{>!>! ll v  was  l>i.  ipx  <nmu\cd  and  dir 
I  -hoals  ufir  aiiatkiti:*  l.hr  M  ansa t  hint  it  tomoNs 
;i  •;;!  i  1 1  - 

1 1  was  Msdi/t  d  dm  inj»  dir  rai  !\  intmihs  ol  die  war 
dial  (o|]\n\nii»  was  I  he  onl\  solulimi  lo  du*  hca\v 
lossi  s  i ill  : he  Xilaiuit  ( .oas: .  I  lout  \ n  .  die  l S.  N a\  \ . 
due  io  iis  t  ominii  mi  ms  in  n  ansa  da  in  it  cst  on  and  in 
?  lie  J*.it  ilx  .  1 1  it  I  mil  haw-  enough  cst  oils  lo  Mali  the 
» « j m  v < i v  i 1 1 o  «il  toawal  sld|)j)ioi;  ;u  die  Ix-viiminL*  til 
lord.  I  o  pi  o\ ide  atldii  iona  I  hmes,  'J  I  Hiilish  anli- 
siihiii.'u  j  t  it  -  Maw  lei  s  wi  I  e  a)  lot  a  led  f  ol  mi  v  ii  r  on  l  he 
Nine  i  it  ;i ii  masi  anti  irii  lirilfsh  ninciih  ueif 
mi  lit  d  owl  {u  ilx  l  .  S.  \n’\\.  llilliifl.  I  hr  whole 
^ \  -.I <  iii  ol  1 1  ansa i  Ian !  if  t  st  •  u  i  was  }  1 1  asi  and  all  ;imi- 
.id xiiai  i nr  loi  1 1,  s  1 1  .  s.  \  a \  \ .  Ko\aI  C  .ana dial i  \a  \  s . 
.m  1. 1  Rt »\ .:)  \;i(  v  j  w  i  1 1 •  ponied  in  a  single  <  )  i ivr  A.l  ia  1 1 
lx  m  In  me.  IhisnMillid  in  a  • «  !  lain  c mu- 

- 1 1 1 1 s  and  x  je.N  il  '.i  liiniled  nnnilx  l'  t)l  l  .  S.  de- 

si  r  o\  c  |  s.  • 

Widi  du  loi  i  c  s  dn'M  a\ail.d»)(  and  wiih  die  in 
ilt.iNtd  pi  tsthit  i  i<xi  ol  aiuisiihuiaiine  sliips  in  die 
I  mnd  Si. Mm.  ji  was  possible  n>  si. ii  1  (.on\ m  in^  in 
(lx-  \\t  at  mi  Vdaulit  ill  Ma\  I '.Ml?,  (.oaslal  (f)ii\o\s 
lx  Ivor  ii  \oilolk,  \  ri^iiiia-.  and.  kit  W’rsi.  Mm  ida. 
siai  ixji anmiii-  on  M;n  I  i.  I5\  opt  iiin.v  up  dir  1 1  an s 

ad.  i  in  if  •  oi)\  o\  t  \  t  Ir.  die  1  >l  i  { IS  I  j  u  el  r  xhlr  lo  di  \  ri  l 
t  ixxi'^h-  lot t  cs  io  ilx-  ( .arihlx  aii  io  siaii  (t>iist>\si 
ma  in  I  v  loi  lankrts.  o\  ei  ilx  I  i  inidad  I  lalilax  and 
\l  iiha  (  in  at .  i  *  >  In  nidad  i  oi.iles. 

J  J 1 1 1  i  1 1  v;  J  n  I  \  .  die  toiKoN  sSsleni  on  ilx  raw  toasl 
i\as  "» eai  !\  extendi  il.  w  M  h  1 1  xi  w  i\  s  in  i  milt”  l>r I  ween 
limxlad  and  l\r\  W  i  si  hv  wa\  ol  (aiiaiao  and 
\iuha.  (.oii\o\n  Wr-ir  ix^t  I !!'!  rd  !u:!\\c»m  Ri>ir.mia 
and  (  aia  MiarMiiio  lot  m  mci.  I  wiili  dir  olllei  ( imwiw. 
( .mi\o\s  writ  also  via  Med  ill  l  lie  C.  id  f  ol  Alrxiio  and 
i lie  (mil  ol  Si .  I  .a  w  i  eiu  c - . 

Ai  die  (  iid  ol  AulmisI.  mn\n\s  t  ii 1 1 1 ; i i ><•  in  hoili 
diirtlimis  lx  (ween  (anatae.  and  Ilalilax  am!  hr 
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ror  vi  i:t<  \u:  vvi  ius  to  i  m  r-m>\r 


2! ) 


lUeen  ki  \  W  t'M  and  l‘i  uiui.ul  w el  e  dis<  oni  mm  d.  as 
uvu'  :iivi  i hi*  t uii  \ *»\s  hei  u ivii  l  lampion  Ronds  and 
l\e\  W  CM.  \  new  miiwix  sxsirtn  was  stalled  with 
t'liiXiivs  1UMI1I1I“  hclHri:il  YrW  .  1 1 2  <  I  (iliUilia 

Irniiil.iil  ! »\  w  i \  i >1  C  .in  .K  ii >  j  ( ,  A  I  ,» in  1  I  \ ( 1 1  ( .( m  i 
tn\s  wiic  also  stalled  between  \ev.  \mk  and  kn 

U  ...  t  I  V  I.  .....  I  1.-  X*  l 

’ 1  *  '•  I  N  ■'  »■*  '  j- 

l)min»  lli«-  1 1 \ i •  months  Imni  \la\  tliiou'»h  p 
i >  m I *i ■  i  IdlL?  aijMiu  ISWl  ships  urn-  (ouvmed 
lnoiuhlv  in  l li<  l  S  i n.isi a)  imiuits  and  mil\  ahoul 
I 'J  ol  I  In  m  ships  weir  sunk  tnonlhh  li\  l  lioals  Im 

a  loss  i  air  »il  less  i  hai  i  !  j »  i  mil  p<  i  nip.  I  >u;  in»  i  he 

Ills!  M  illf  tllnill  Ils  nl  Id  l_.  ahull  I  limn  ships  uclc  {(.'ll 
\oxrd  nioiilhlx  ill  mean  <  inivuxs  and  ahoid  l  a  nl 
lllese  ships  Writ-  slillk  UloUtlilx  hv  l  lioals  |()|  .1  ioss 
!,!!■.■  u!  ahulll  !  I  ..  pi  I  <  i'll  I  pe  I  ! !  I  p.  (  I !  \!;oii  id  or  {(in¬ 
side)  i  d  that  l  In-  a  v  i  l  .)<•(  -  v  i  ix  ai;e  1 1 »)  i  In  sc  <  i  »nx « u  s  is 
(  Oliside  ;ali|\  lo||'_;el  lhail  |o|  1  III*  lo.isial  (OltVoVs.l 
i  lie  i  on\o\  iim  hi  and  i  I  oni  R llssia  was  |  Mi  l  i(  ulal  lx 
li.i/.ndoiis  dmiii'j  lliis  p<  i  i  od.  unh  alioiti  a  I  slops 
ailing  m.uuhk  a  in !  ,tl.. -a i  dn.,  .,{  dn  s<  h.  in-  Mink 
11IOMI  Ills  I  I  mats  J(*|  a  I « 2  .i  l  <  nl  a  Ik  ml  'I  pel  telll 
pi  l  1 1  ip  In  add  1 1 1 1  m.  I  l|i  si- iiimms  miHcihI  i  i iiisnh  i 
a  I  it*  1 1  ism  s  |  •  Min  i  iii  ii.  \  an  a  i  id  sin  l.n  <•  t  i  a  1 1  a  I  l.n  k . 

I  In  i  III  ( i  '»!  i  mi \ mx  111?*,  m  i*  due  u in,  shipping  |i»sm  -> 
is  •.  le  a i  I  v  i  1 1 usl  l  ah  d  i »\  llu-  i  v|x  1 1<  iiu-  in  (In  1  Y 
Y  i  a  I  c  '.'ii  \  i  •  a  d  ii  i  i  1 1  ^  i  1 1 1  1 1 1  n  i  n  j  ii ,  m  > )  n  1 1 1  s  i  >  I  P  i  I  _! 

I  lieie  u«i»  ahoul  MM)  ship-,  ai  s«  ,i  in  ilns  aiia 
l  III  till'jliriM  I  dll'  pi  Mild  I  )til  111”  1  !(i  Ills!  'IS  IIHMlllls. 
!'«  i'lii  eshlisiXi  i  » »i  i  \  « •  i  11*4  'i|  to.t'ijl  -  !>i  1 1 1  » 1  r  I  •.»  Il.nl 

si  ai  h  d.  *»nlx  a  I :«  ml.  1 1 »  J »« *1  it  nl  t  >1  llu  duppn  e-  was  i  1 1 
i'ii,i\n\.  I  hi  i>  x.i  1 1  .  •  mm  l>«  .1  w  1  a-a  .  .d»  mi  in  I  I  mats 
a  1  m  a  in'  i.Iijs  .i, .  a  dm  in..*  1  h«  In  >1  si \  1  in >111  hV  .nid  i  .«<  h 
I  !m».iI  xsa-.  siu|.  ill"  «iI.-omT  J.V  ships  ,i  tiiouilt.  \h«»m 
jn'i  11  nl  nl  lln-  indr  pe  tide  lit  slpppm*;  uni  almm 

I  pi  1  1  r)ii  1  >!  dn  1  1  d.  sjvippjno  iu  )  1  vimk  » :u  h 

JiHMil  ii  l>\  \  lioals. 

I  >111  in';  die  n<  \  1  dn  1  e  uionl  lis.  a!  I  r  1  e\  n  1  sm  \  i  i  •  n  1 
xox  ii|M  e  1 1  1  nasi.il  s{iij,pin«»  had  si.ri  led.  ahom  Xi»  pi  i 
!«nl  nl  liie  shijipin;;  xxas  in  <ouvo\.  lln  axeia^e 

I I  inn 1 11  1  ol  I  lin.'.h  ,il  si  a  n  1  1 1 1  is  .1)  t  a  1 1.1  d  mi  1  i  .isc  1 1 
lo  ahom  ’ill,  hit;  1  ae  h  I  hnai  was  onlv  ahh  lo  sink 
a  I  mu  I  I .  I  ships  a  moil  I  Ii.  a  I  mn  1  1 1.1 1 1  as  iinu  !  1  as  d  in' 
ill*;  die  (nsi  %i\  months  I  Inis,  drspilr  dn-  l.n  1  1  h :•  1 
lh«’  loss  i.iiis  lot  Imih  indcpen.deiil  and  uniXMXed 
shijipjpji  hud  U)<  lease  d  lahoui  .'a  pel  (till  ol  die  in 
d«  pi  In  1 1  1 1 1  shippi  ill;  .Illd  a  I  mil!  h  j  H  ;  irlil  III  I  III  I  on 

v  om  d  -hippi  n-*  w  t  1  c  mi  ilk  im  mi  l  ii  I  \  I  >x  i  hoalsiehir 
i  II*;  I  In  la  !  d  1 1  <  ;  lilolllhs  o|  lliis  p(  )  iod.  I  he  ef||(  ielll  X 


>i|  l  he  ;u»-ia**e  1  hoal  in  sinkinj*  ships  was  lialxid. 
fids  xxas  uiaink  due  lo  die  ia<l  dial  ahom  ll)  per 
iciil  ol  die  shipping  was  exposed,  dining  die  lallei 
lime  niondis,  lo  die  nuu  h  lower  loss  laic  expel  1 

eiic  I’d  I  »\  (  ei  J  |  \  1  »\  (•(  I  s|  j  j  j  11  »i  1  jo  !!!>.|i:it!  o;  10  dlf  1 1 !  <*  I ! 

loss  }  a h  t  >. pi  I  !«  1  ii  ed  1 1\  iildejn  lldi  ill  shipping. 


\liolhel  f  oiiseipielii  e  ol  die  shill  limn  indepclld- 


\xliiifi  llu  l’  hoal  lates  when  hr  aliatks  a  nnnm. 
Uii!v  almui  Id.  I  boats  uvn-  slink  mnnliiiv  iii  die 
(  .  S.  Siiaiei*i(  Aiea  dm  i* Hi;  l he  Inst  six  nionlhs  ol 
Id  II? .  while  Id  weir  sunk  liioii’hh  in  1  iie  sa  me  ai  (  a 
dui  in«»  1  he  uexi  ilnee  niouihs.  mosi  (j|  ihem  h\  h)i(es 
es(  ol  I  ill”  c  ol)\  o\s. 

-  Aim  nit 

\ !  llie  he^iliuin^  {>1  MM-.  I  he  I  .  S.  \a\x  sc*  1 1 1  oul 
all  ;ix  .1  il.ihir  pia  lies  and  l»l  imps  lo  hai  l  le  I  lie  l  ’  hoal  s 
aloii«»  l In-  <o.M.  I  hex  were  helped  In  die  k'ilsl 
liomhii  (  *.'ininand.  initial  ,\im\  \ir  I  on  es  ( oniri 
huiioii.  Xshuh  was  at  t  it  a  1  ed  in  lltinnliei  111  1 1 .  I  he 
Minx  plain  s  pa  i )  1 1 1 1 1  d  and  i  m  oi  i  i  1 1  iiiiiIi  1  i  he  o  pi  i 
1  ional  t  mi l)ol  ol  the  \  A  see  mid  \i  m\  Air  I  iiiics 
unit  Im nkc  inio  ihepiittne  m  jinn  Id  II?.  I  his  was 
dn  St  ave. im  ii  \tiai  k  I  )rv e  loj iii'irni  t  'nil  d  \ 
ha  si  d  ,  1 1  I  .int*l(  \  Iii  id.  Viiip’iiia.  and  assigned  a 

<  oinhin.ii  ion  mission;  i  I  )  lo  de\  el  op  l  .n  l  i(  s  a  nd  ft  a  h- 
ni'jius  i..i  u.si(|M  an !  is|i  I  nn.n  ine  dexites,  and  (Ld  to 
•  onihiii  ".<  1n1.il  sijseaiih.  ,S\|)I  had  ixxo  Ihilish 
h  tan  'ii  1 5  '.?  I’s  1 1  )imil  ms  I  a  in  I  II*  .  I  1 1  i  I  icse  had  hern 
msi.dk  d  muj  i  .M  h  Ihiiisli  mil  iowa\(  si  is  know  n  as 
|)\|S  | f If II)  and  e.plippl.d  Uill't  the  hisi  ailholin 
RI.1.11  J’osii  ion  I  ndi(  atoi  f  1*1*1  |  si  op».  s.  Iii  add  it  ioi  1  lo 
fin-  \  1  ins  and  \axx  Ihiirj.iluit  \xas  also  pan  ol  I  iri” 
h\  lilt.  (  ivilian  Ail  I’aUol  |(  M’,.  most  l\  xviihiii  l(i(i 
111 1 J  *  s  iii  »m  slim  r, 

ilielhim;  hiimshx  !  .  s.  \irux  and  Naw  a  in  raid 
in  tin  Irish  in  St  a  honliii  inn  eased  honi  ahoul 
1  bill)  hoi  1 1  s  in  |  .111  ii  a  1  \  Id  ll?  to  a  peak  ol  ahom  1?  a,  ()()() 
hoiu s  in  |nh  Idl’J.  In  dn  (.ii!l  Sea  l-ioiiiiel.  i»nl\ 
a  hoi  1 1  ( Mini  hou  1  s  wej  e  I  low  ii  i  ii  M  a\  I  d  1  _.  w  In  n  si  1 1  k 
in-sol  ships  wt  leal  t  hfil  pea  k .  as  <  i  impa  1  ed  lo  I  L?,IM)0 
hum  s  in  julx  Id  I',!.  In  Imih  ol  lliese  s(  a  Irom  iei  s.  die 
IIIIIIiIji  I  ol  (  ho;;  I  s  al  sea  de<  teased  )  ;  1  pi  ( 1 1  \  allel 
|ul\  Idl'd  In  dn-  (  aiihluan  Sea  I  lonliel.  lhe  innii 
hei  oj  livin';  horns  iinitased  hum  ahoul  alMH)  m 
\  j>i  i  I  I  d  R?  10  a  linos  1  I U. non  in  Sep  i  cm  her  I  d  1 1?.  when 
lln-  numiie)  ol  l  lioals  at  sea  I  hei  r  sl.'u  ted  dei  i  easing. 

I  S.  aiuiall  made  ahold  aO  allaiks  a  nioiidi  on 
[  ho.iis  dm  in-  this  pel  ind.  v  at  \  im;  in  mi  ahoul  11?  a 
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III-'.  \  MMvINCS  ON  HAM  COAST  (>J  I  Mill)  STATIN 


month  itui  iu»  ill**  In  si  inm  nn  >1 1 C lis  <  >1  I  0  I  J  In  ;ili: ) « i ( 

I : >  a  mnnih  (lining  i!u*  licsi  list  months.  About  ‘JO 
per  <  nil  ol  ! Ii'rsf  alia*  ks  i esu lied  in  sonic  damage  to 
ill*  l  boat,  iv  It  i  li*  nnlx  a  bout  J  pel  *  ill  I  ol  I  hr  a:  la*  ks 
i'‘Milw*tl  in  iln*  sinking  *n  pinhablc  sinking  ul  tin- 
l  boat.  I  lie*  a\ctui*c  h<*i«hi  .m  which  llu  sc-  aiiacks 
\\t  ri  in.nir  was  about  i  .Mi  h-et.  I  in-  *k  pth  bombs 
lisa!  \Vi-l  *■  ii**nci  .ills  st* i  lor  a  depth  ol  all  h  t-l  al  dir 
br^itmin^  ol  ihis  |»«-iiotl  (loo  dn  p  Ins  a  sin  hunt! 
I  boa!)  l)Uf  Iowan!  i!u*  end  »»!  HipJ  uinM  •/!  the  al 
la*  ks  wet  «.*  made  \\  ilh  m*H  in«;s  * >1  Ja  I ret.  I  u  addn  ion. 
bombs  well*  III  i  c*  f  Willi  Hal  noses  m  i»n!t  ■  in  I  <  *<  I  lie  < 
:iw  ii  loi  wait!  in* >i i* hi  nmli  i  want  a n*i  also  in  u-iiiu  *• 
l  it  o:  In  i  in?;. 

\i  a  ho  u  I  i  hr  I  >*:.',  in  n  he;  n|  I  lM  J.  ( mast  a  I  ( .oiiiinand 
a  ii  *  i  a  1 1  had  siai  it'd  itsim*  i  hi  J*»  loot  d*  |  »l  h  ^rl  I  in«;  on 
l  licit  < 1 1*| >i  h  *  ha i  41s.  I  hi  usual  hr i?’ hi  a i  w  hi*  h  i h**ii 
attacks  wen  mat!*  was  .dmiii  Ml  Irri.  1  oi  |n*\  filird 
1 1* - 1 » l i i  thalers,  width  had  a  ^nairi  hih.d  ladius. 
writ*  iliuoduit-d  ill  \j)lil  IdPJ.  I  In  sr  la*  lots  pi  o 
diiM-il  a  <  otisiih  t able-  in 1 1 >i * i\ <  iiirui  in  i In  <jiialii\  ol 
(  ioaslal  (  om  ma  ml  all  at  ks  nil  1  boats.  \hoin  JO  j>n 
(t  in  oi  ilit  it  aim. ill  ail.uks  dining  ihis  period  i< 
Milled  ill  .il  Ira  si  sultir  tl.mia;^  In  lilt  I  In  Ml,  while 
alimil  I  pci  mu  n|  i In  ii  aiiatks  nsulirii  in  sinking 
lilt  I.'  Im.it. 

J  )m  in**  »h,  t  ai  ly  un»ni  i'i\  ol  1 0  pj.  u  In  n  must  « i|  tin 
i  I  ma  Is  U<  I  r  nj  m  l  at  1 114  III  I  It*  \ \  i ■ s l  \  I  lam  n  .  (  .O.tsl  a  I 
(  onmiaiid  nim.dt  slain  d  in. mil. lining  nl!r  iim’m 
j/. Minis  a^aiii-a  n.insii  I  I  ma  is.  I  1st  x  « *j  **-i  .Mid  built 
nn  iln  nm  I  In  in  i  mi  i< .  lo  i  in  i  mi  i  hu  a  i  d  n{  Si  *>i  Jai'id. 
and  in  lln  a]ij»ma<' In  s  In  lln  B.iv  oi  Bist.n  ports. 
Dining  ihr  iusi  im  umnihs  oi  JPIJ  onh  about  liuo 
I! \  111-4  Jiniii  s  ,i  1 1 ion!  Ii  w*.  i  •  -|»<  in  uti  iln  Bav  «»|  IViw  n\ 
ndi'-iisi  v  t. .  I  Ii  Is  (  Il n|  I  i  <  >1  dlt  d  ill  a  1  min  m  vni  si  “in 
iir.'s  a  nionlh.  i  iiiiii-^h  min  |>  l  In  I  hoa  is  si  dm  in  «_u  d 
[fill  im*  i  hr  t lav  t  inn  . 

Ill  |  IKK  lOlJ  (.o.fsial  (  oiiim.ind  uiitodiu  *  *1  inio 
«jj»c  t  at  ion  ahoni  n  n  Wellington  ailt  l.ilt.  fnird  will) 
t  hr  I  a  14I1  Scat  t  lihMht  and  Maik  II  1  adai  .*  I  hrsr  a  ii 
tl.dl.  1  »j  jri  a !  i  1  !*■  in  lh«  li.iv  >>l  llist.tv.  Urn  100  hums 
in  j  line.  si?;h 1 1  t(  srv  *  n  I  I  >0,1  Is.  .1 1  id  .1 1 1  ,n  krd  f;  \  e  ol 
du  in.  1  his  \m  1 1  ss  w  as  ;u  hit  v  rd  drsjdl.t  'In*  hut  1  hai 
ihr  ni»hl  ollrlisivr  in  lln  liar  was  <  misidi  1  a hl\  hain- 
}  h  ‘I  ri  I  I  j  s  t  hi  |>i  1  Min  r  ol  Ii  tin  h  hshiin;  I  mats. 

W 11  i  i  die  *  n  iin'iut  I  inlini  tin  -i.ri.4l1  I.i^lil  \\eiii114 
ion  in  June  10  |  J  (hr  stair  til  the  l»a\  ollensive  w;is 
“it  alls  Jilt  teased,  w  ith  alnnu  .1 100  f|\  in**  lionis  brim; 
j > r  1 1  inio  ii  nioiifJt.K  dm  in*;  ihr  j m*i  iod  liom  juin* 
dli0ii4.ll  Srplrmljel  l?)IJ.  \  l)<>lk  I  .'»0  M4I1I  ili“s  (!)  j  it*) 


1000  hours  nn  paDul)  and  JJi  ail.uks  vvt  n  made 
in* ‘in  hJv  <hn  1114  1  Ins  pn  it »t 1 .  1 !  is  In* I ieved  1  hat  PS  pet 

I  fin  ol  all  \  -boat  mmsiis  iluot*^ii  ihr  Has  weie 
skilled  anti  dial  hw  {'  boats  wen  desltosed  citiriu** 

I I  lost  ■  Inm  months.  I!m  immrdiair  iva(iiu:j  of  tlu 
rnrmv  10  du-  (masial  Ooiumand  ollensive  in  ihr  Has 
was  an  in*  leased  eflntl  in  int(T<e)>i  an  I  isiihmariiu* 
am  1  all.  in  u  hit  h  C  aiaslal  Command  replied  hv  seml- 
nsi;  on  i  Beau  h*;h  lei  s  in  ini  ere  *  ol  iln  -  in  left  epiors. 

I  1  St  iciii ific  and  Teclmical 

I  In  (»r)  mails  weie  lulls  alive  in  die  |>o.s.si!)il il  ies 
ni  1 1  n ■  1  ei  wave  ladai  and  dies  were  aided  l>\  the  tap- 
mieol  a  Mat  k  II  irtdai  set  in  I  tiitisia  in  l  he  sprini;  ol 
pil'J.  lilts  at  c  ordinals  t  oik  hided  1  hat  radar  was  re¬ 
sponsible  lot  l lit*  niyhl  attacks  in  the  Has  ol  Hiseas 
and  tests  in  iln*  sinmiiet  ol  I !l  12  < oniii  med  dial  die 

I I  ansiliissiolis  we  1  e  easilv  di-let  let!  hv  a  s  i  1 1 54 1  <  ■  I  eceiser 
ami  aeiial.  Admiral  Dueltil/  oidered  (lie  speediest 
tt|u:ppio4  «)!  all  l  Imals  with  a  makeshift  e(pdp- 
11  lent.  I  lit  at -i  ia  Is  i»l  wnud  and  1  able  (Sout  hem  Cross 
\t  i  ial)  weie  easilv  made  and  the  Paris  linn  nl  Melox 
mined  nut  the  Is  000  lee  civil.  I  lit;  hlM  l-boat  Ciel- 
maii  St  an  h  Rrieivei  |C»SKj  was  designed  (odete*! 
men  1  i:ida»  and  1  a  me  into  opt  1  at  ion  about  ( )c  lober 
10  |j. 

\  1  mil  it  1  new  tit  site  i  ii  1 1  ot  bit  e<  1  bv  die  l’  hoals  in 
die  lain  1  hall  n|  M)  PJ  was  Siibniai  ilie  Bubble  I  at** el 
S  j »  j  1  ii  ‘  ihllen  \v  ei  lei .  i  hese  weie  labieis  which 
w<ii  in  In  phased  bv  die  l  I  ioa  1  s  wjieu 'a  1 1  at  ked  bv 
mu  late  nail.  I  lu  bubbles  lot  tiled  bv  tile  dissolving 
Mbleis  pM»f|iued  la.lse  snnai  la)  41I s  vvb it  h  were  in 
nuclei!  to  (hum  the -atCiic  kitti*  ships  oil  the  Mail  ol 
ihr  l  I  jo.i  I . 

I'll  I  ht  <  at  h  liiniit  lis  ol  I  0  PJ.  a  new  forill  nl’  passi VI* 
dt  h  list  a-;a inst  rot  petlo  a H at  ks.  known  as  \diniral;v 
Art  J, )(  ft  list;  |  Wl)|.  was  briuj;  fitted  In  new  mei- 
t  haiil  ships  of  speeds  Mot  less  than  I  I  knots  anti  not 
ii'mir  than  la  knots.  I  at  I  v  Dials  inditated  that  these 
pels  u  1  hi  It!  stop  a  bout  M)  pet  <  rnl  ol  l  *  boat  lot  pedoes 
hnil  a  1  the  ship. 

In  Mat*  It  I0IJ.  tlu  I  h.  •  1 1 4;  *  *  1 1 1  >*4  (  halves  weie  made 
iimn  h'tlial  bv  lillitii;  then,  with  iotpe\.  a  new  ex 
plosive  which  was.  volume  lor  volume.  1.7  times  as 
powcilul  as  !  A  I.  About  ihr.  middle  of  l!)IJ,  the 
('.  S.  A  ;iv  \  pm  into  t)pei  al  ion  die  "M  onset]  ap "  pi  o- 
jctloi.  whitli  flies  a  tnmibei  oi  telaiivrly  small,  last- 
sinking  thapm-s  eijuipped  with  roman  lu/es  and  is 
suitable  lor  i nsiallai  ion  on  small  atu  isubmarim* 
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sruvix  or  iu;m  i.r.s 


^ i i i | >s .  As  ( In-  light  c  oiisi  ]  (i<  i  ioi i  ol  dirsr  s  i,i,  )s  does 
imi  pcnnii  ;i  11  \  «ivai  aiimuni  nl  drt  k  ihrusi.  ihr  pm 
j(‘<  lor  lllili/rs  l  h<  rorkrl  in  ini  ip  Jr  loj  laiilH  fling.  !  hr 
plojc  I  Mrs  air  tuples  ol  f  I  it*  I  I  edge hog  pinji-ilifrs 
filled  u  ii  li  siiil alilr  io<  kc  l  molots  in  ilu  i a i i . 

M :i ! it'i ! t  Aiihojiir  Hrletio:  j  M  \i)|  was  ,i!m>  dr 
Xrloprd  dining  ihis  priiod  in  order  lo  riiahlr  ail 
Mall  to  follow  suhillrlgcd  Mllunai  lilt  s.  I  his  dr\ it  r 
deles  Is  (hr  t  llangr  m  magneiit  field  piotmted  1  is  a 
sniiiiiai  iii(  hui  Ms  drirt  lion  langr  is  ..sijv  nhou!  700 
{Vrl. 

'“■I  Sinking  of  C-hoahs 

I  hr  iimnbrl  uf  rnrmx  I  hoais  sunk  dining  ihis 
limn  l  h  pt  l  icxi  w  as  7*  i70  (.ciinan.  17  1 1  a  I  i.m.  and 
II  (apaiirsr).  l*oi|\  of  (hi  (  hoais  Urlr  losl  in  the 
.Mlanlit  l!JI  ol  them  in  ihr  (  .  Y  Snairgit  Me;n.  L' I 
in  ihr  Medina  l  aiiran,  II  in  ihr  Paula,  luo  in  dir 
liai i-n i s  Sea,  one  u as  mined  in  tin  P>ahi< .  and  i  lu<  r 
uric  losl  imdu  unknown  <  it <  mnsi.iiu «  s. 

Mu  hue  uali  c on: inure!  So  hi  ihr  main  f.nioi  in 
sinking  l  hoais  in  all  an  as.  attoimtiiig  f ,  u  | 

I  hoais  i  |  I  per  t  riii  ni  i  f  i<  -  loial  mini  lx  i  sunk  i  w  hil< 

I I  iindii)  it<-d  uiiatks  in\o|\ing  hoih  suil.ut  and  aii 
( I  a  1 1  ac  c  oiinlrd  Im  aii<  >1  !iu  si\  I  ’  hoais  (S  p<  i  <  <  m 

\  im  a  1 1  pl.iwd  a  sfgnifn  am  pan  in  sink  in*;  l  I m.t is. 

I  in  ihr-  Insi  linn,  ,in  -Mini  in”  hn  1 1 1  -  j  I  p<  i  . ,  m  .dl 
ol  llli-sr  sinkings  IK  t  III  Hr  |  in  !  Ill  \l  l.nil  a  and  Midi 
i«i  i  a i ir:m  Sij I >»! ;.*»  ji  i*.  v  wtit  a.n  mipoi'.aiil  l.nl<»i  in 
hoi  1 1  ihr  Mi  dm  1 1  a  ma  1 1  and  I’.u  ilu  .  anuiiiiiiii",  Im 
i  I  (  Imals  r  |  S  pel  i  (  III  of  I  hi  lol  a  I  j. 

In  i  In  I  .  Y  Sii.nr«.«ii  \n  a.  i  In  main  sum  of 
I  Ii«i;ii  at  ii  \  iix.  ilu  n  win  ,il»oui  Inn  mu  I  an  i  i.di 
.ill.ii  ks  made  on  (  -hoal>  <ln?  in;*  tins  priiod.  \hmn 

III  pi  i  i  ni  n|  ih«  m-  .utac  i  s  n  Milted  m  ai  h  um  mh.iii 
da  ma;»  i  lo  l  hr  I  hoal  \x  hih  a  I  om  i  pi  i  ( i  ill  mI  i  In  in 
n  Milled  in  sinking  il.  \  Ihirish  siud\  nl  I  mi  smlate 
ii. ill  aiiatks  in  ihr  \oiih  .  \  ( I  a  n  i  i<  ami  \ Vi  sit  mi 
Mrdurrinmaii  « I ni.i ii.l*  ihis  priiod  indioiiis  ih.u 
a  ho  ii  |  1_'7  j  ji  i  <  (  ul  of  !  hr  a!  tut  ks  n  siiln  d  in  ai  Ii  .m 
sojiu  damage  lo  tin*  I  hoal  while  ahoui  |n  pu  iriil 
of  llirsr  irsullrd  in  sinking  il. 

15  si  kvi:v  or  Ri;sri;r.s 

,u  From  flu*  l '-bout's  Point,  of  View 

I  liis  was  i  iv  lat  ihr  m««M  smtesslu,  poind  ol  i  In  - 
uai  lo»  ihr  I  hoais.  Ilu  lolal  uoi  Id  wide  losses 


aniounlril  lo  M/S  ships  ol  1.787.01)0  "loss  Ions  Mink 
h\  1'  hoais  (alioii  l  !)S  ships  ol  .a  I  0,000  gross  mus  sunk 
ninniliK).  I  lie  main  f-hoal  hall  |r  t  olll  ilmed  lo  he 
I  on  "1 1 1  in  ihr  \llanii<  uheir  ahont  !M;  pi  i  trni  ni 
llirsr  losses  muiMrd.  Ihr  munliri  ol  l'  hoais  lost 
rim  ni”  fins  priiod  was  7  H  (ahoui  nine  a  ini»nlh}  so 
I J  l :  1 1  ( !u-  wm  Id  wide  exchange  lair  was  II  ships  ol 
7! ).()()()  gi  oss  inns  sunk  lo.*  rat  h  l  hoa j  sunk. 

Japanese  i  -imals  sank  7h  ships  (lining  ihis  nine 
mom  h  pu  lod  { 18  in  ilu  Indian  Or  ran  and  lift  in  ihr 
Pat  ilu  )  vvh  ilr  II  l  '  hoais  wri  (sunk  (all  in  ilu-  Pat  if  it  ) 
so  dial  llirii  (Alliance  iair  was  ahoui  sr\ru  ships 
sunk  Ioi  rath  l'  hoal  sunk.  In  ihr  Uai  ctils  Si  a  Area, 
Pi'liijiswiu  sunk  hx  [  ‘  hoais  as  against  nvof  boa  lx 
sunk  while  in  ihr  Mr  duo  i an<  an.  17  ships  writ-  sunk 
as  against  1? I  l  hoais  losl.  I.ilr  was  ninth  more  ha/- 
aidoiis  ioi  l  -hoais  in  ihr  Mrdilo ranean  (han  lor 
i  hose  i  n  a  n\  ol liri  art  a  . 

In  ilw  V'aniu.  ilu*  main  ihealci  of  aclixiiv,  dir 
axnagr  mililhrl  ul  (  Imals  a  I  sra  w  as  ahoui  .77. 
a  I  most  i  w  it  t  as  mum  as  dm  mg  d  ir  p)  r\  ions  do  inch 
I  I  it -si  I  Imals  sank  ahoui  S.7  ships  ol  !  in. 0(115  «noss 
ions  a  iiiuiuh  dining  this  priiod.  nmir  than  ll\ 
'-iiiifs  as  mutli  as  in  ilu-  pir\ ions  priiod.  Ahoui  87 
pt  i  t  I  111  ni  llirsr  |(  issrs  tit  <  mini  in  l  hr  l  .  S.  Sli  a  legit 
Mt  a.  who.*-  then  main  <  ffoi  i  was  dirrterd  against 
dn  w r  ak  spo!  tj|f  1 1  it  t  as i  t  oasi  ol  d u-  l ' n ilrti  Sf  alt's. 
Ilu  jwiagr  I  hr i.i i  in  die  \llaiili<  sank  ahoui  M7 
ships  of  S  ni  Mi  gloss  ions  pt  i  muni  h  ai  sra,  ahoui  70 
p«  1  t‘«.  Ml  ll  It  »lt  lll.l  11  dir  t  oil  rsptuitllllg  /igul  (•  |f)l  |fir 
pi  I -\  Tons  j>i  Mod.  I  lowest  )  .  il  should  l>r  kepi  in  mind 
dial  i  ii  is  sinking  i  air  was  m  ill  hit  hr  low  dial  a<  h  irvrd 
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im.il  ing  die  l '-hoal  elioii  in  die  l  .  S.  SiraUgit; 
A i  tot.  ol  die  l  mird  .Si airs,  tvhrjr  dir  defenses  were 
i  a  llit  i  weak  :  tut  I  ihr  Imlk  of  shipping  til  test  ol  led.  Of 
dir  77  (  ’  i  joalx  al  sra  in  ihr  Mlanlit.  ahoui  .'I/  ivrir 


(<)\HI)I  \  f  I  \! . 


riL.W^  SIMvINf.S  ON  I.'.ST  COAST  OF  l MTU)  STATUS 


ill  die  1‘.  V  Stialndt  \ic;i,  while  1 1  i *  \  ucic  aide  m 
sink  71  shi|*s  ol  .'57.1.1)0(1  "loss  Inns  :i  month  whde 
nlll\  L.’I  .  I  lin.ns  weir  Insl  mnndliv. 

I  )UI  il'i;  I  hr  In  Si  lull  ol  1*1  I  ‘ *  I  III  I  boats  at  liirsni 
ill*!!  mail!  s!!n  rv-;  \  in  the  paste!!!  and  (.ill!  Sr.  I 
l  luinit  ls.  !  hr  :;!  I  boats  in  thisr  .lit  .is 

!  r.»t  hr<i  .i  peak  in  j  n Is  1 0  PJ  w  In  n  1 J it  i  <  wt  1 1  .  >  m  i  In 
a  Vrl  .i:»r,  e  ij^hl  at  sea  ns  i  hi  I*  a -I  cm  S\  .»  In  on  I  iet  and 
si\  in  lilt  (.nil  Si  .1  l  inillii  i.  f  lowest  ).  b\  llirii  l  hr 

I  >n  I U  * »!  "hi  j  ?!  sin-4  l-\  .is  i  n  t  nm  o'  ;mi  I  sin  l.tt  r  .  n  i  <  I  ;i  ii 

I I  nil  ll.n!  r.h  h  hr*  ii  ni.ik  ill"  nvrj  two  ;i  1 1 ; i <  ks  ;i  i unlit  Ii 
nil  rat  h  l  hn.it .  I  licit  I  I  hrsr  c  niitlil  ini  Is.  1  hr  rifn  l  is  i 
m  ss  nl  [  I;n;ils  ill  "ink  inii  shi  j is  w  as  41  r.i l  Is  i  t  dm  eel. 
.i nd  t  hr  nuiiOx'i  *'!  I  itn.iis  o|u  i  ;n  in^  in  i  lirsr c  n;isi;i i 
ll'«;inlis  lire  I  r.isri !  I.lpidls  ilflt'l  jilts  1 0  l*J.  Ill  the 
(  ill  ihhr.ni .  it  ss.is  in  )|  (ml  it  Nil^Mst  I  Oil!  ili.il  a  <  ni 

1 1  sj mud ii!*4  |r\c-|  n{  atl.h  ks  nil  !  In Mh  u.(s  I  rile  lied 
.nul  I  hr  i  nil  ii  nt  i  lire  1 1\  tin -w  nl  I  hr  l  bn.ll  s  ill  sink 
in»  ships  Insl  Iiiuiiic  . 1 1 > | > ; 1 1 1  1 1 1  in  Vpti  mU  i  Mill!, 
win  II  lilt  ic  ‘.s;is  .|  peak  n!  about  |0  l  Im.iis  ;il  sc  a 
lluir.  Iht  mu i nhci  nl  I  Imats  at  sr.i  in  tin  (..nil) 

1 1*  .in  M.umd  f.i  1 1  i  1 1  u  nil  .din  St  pit  mbri  PH!?. 

It  u  .is  mil  in  ,i  | .  tin  it  h»i*  .  i  h.n  as  i  lie*  t  muhinai  inn 

•  i|  t  f>n\  *  is  in"  and  In.iss  .lit  tnsri.nn  lidintd  iht 

t  llrt  I  is  fill  ss  nl  l  h«  I.lt"  .lh  111*;  (Ilf  Iasi  (  ".N  i  *1  die 

I  tlin  d  Sl.lit  S.  till  I  *  liti.it"  wnllltl  Innk  |-.J|  nllii  |  weak 

spill  s  it  i  i  !n  \ 1 1 n  d  di  1 1  nst  s  I  Ik  mnst  lik.i'ls  I'm  «k  ini' 

•*p*»|  W.|\  [ }  ti  ‘\.ip  III  I  111  \')|lliwisl  \  I  1 .  1 1 1 1  If  \||,I 
wilt  !<  ill.  I  j.i«  *.  1 1  -  l  *  »U  l<  I  n|n|.Mi  .iClill"!  lilt  sjl.ll 

II  .1  i  I  >.  1 1  I  HI  n‘  l»  mnnii'  m.l  !t  -.It'll  'Illl'!<!i  i  !  *•  tana  *  *  I 
\  1 1  ird  .lit  t  n  \  i  i .  J  In  i  mm  he  i  t  >1  I  I  in.iiS  u  i  i  h  b  .u  i  ,i 
li.it I  iiii  1 1  . i "i  1 1  1 1  .»m  .i h« ni i  o  n  thii  in::  i  In  In  s!  hall 

•  »!  1 1 H  i«>  II  In  .ni*  I  Si  j  ill  ni  hi  i  \-.  lull  l  In 

J|||  'piliv.  I*  In  l  Im.iis  in  ill*  \ « »i  i  1 1  s*.  t  "I  \  l  l.i  u  l  it 
An  .i  h  id  ni'ieni*  tl  i«»  -»s*  i  Ion. Mini  \-ross  inn  *  m  <  .n  h 

•  >|  ih.  . . .  h  si ■  *  me  d  likth.  1 1 i.i i  (h<  *  i  m  i.d 

! • , 1 1 ! h.  «»!  ■ ! it  I :  iiti.li  '.‘.n  ssnuld  hi  Inn  dn  lin.n 
iht  **<  (tin\n\s  in  Mu  \nith  Nil. unit  dm  i  1 1-«  i  In  ii*  m 

. . . 

I  hi  ( .*  i  mi.ihs  ss :  n  in  .ni  »  \<  t  Non  posii  ion  to  t  on 
tint  I  .in  i 1 1 1 1  lists*  I  ho.i l  t.mip.ii;.Mi  .n  dn-  rml  * •  1 
S«  pn  ml.*  i  Pill'.  |  in  lllimh.  I  nl  *nr.in  '4«»iir4  l  hn.ils 
.is  .ii  Li  1 1  Ir  1 1, id  int  l  r.ist  <1  fimn  .ihnui  !?0()  .n  tin  hr*»iu 
lliliv.  'll  I'll'j  In  .ih'illt  5A0.it  ill*-  l  nd  nl  sllisptlind 
I  his  ss  .is  a<  t  nit;  jilisht  *1  I»s  t  mum  issi.m  ill"  about  -Oil 
vc  !  uhilt  unit  ,»n  writ-  Insi.  in  .itidiimn. 

Hi, m>  nl  iht  »»*‘-  !  I;*;:?:  !i(  in  s  ;im!  (lews  I  in  I 

<-a  i  lied  t  ollsjt  l<  1 .1  lilt*  t  ApriiriHt  .illtl  t  on  I  ni<  I  It  r  ;is  .1 
It  suit  nl  lilt  il  sllttisslul  *  »pl  I  il  t  i*  M  IS  in  tile  West 
\ I I;i tv f  i*  . 


I-v-  From  the  Allies'  Point  of  View 

i  ot:i!  shipping  losses  li-nui  ;d!  oMisrsnl  iht-  \iiird 
;ind  nrmt:d  nations  irathrd  the  highest  level  nl  Hu- 
u  a  i  tliii  iiii;  in  is  pri  md.  amount  ill*i  tn  700,000  ii )  uss 
ions  ,t  nmii ili,  ainu >s(  (  s\  i<  r  as  hi*»ii  as  dm  in*>  tile 
pie\ inns  pel  ind.  I  *>)  l  imatels ,  ‘lie  huildin^  late  nl 
new  shippiiii;  was  also  qu  ails  int  leased.  a\eia^in;4 
al>*M!t  .A !  .7.000  ”i  (tv.  tons  a  month.  I  Ins  int  lease  ie 
iht  i  et  |  <  ii  it  I  is  die  *;}  ea !  r  spans  it  >i  i  in  I  .  S.  t  mist  n.t  - 
lion  nl  shippiii<!  Irtnn  Jess  lhaii  1 00.000  rinss  tons  in 
jamiais  PHL*  In  alums!  700.000  ^i*»ss  inns  in  Srp 
ninht  l  Pill?.  (  A  inset  juen  t  Is ,  the  net  nmndils  loss  n! 
shipping  was  mils  ahnut  IS.A.OtK)  t^inss  ions,  sli^hlls 
less  t  Iian  dm  inn  i  he  pita  edinj*  pel  iod. 

( )|  dn  700. (HH I  nss  l oils  t>l  shipping  Insl  mnni  Ids . 
.« I  min  O.A.A.OfHI  i«t  nss  inns  weie  1 1  j  s  i  as  a  tesull  t)l  eneins 
attimi.  I.  h*»ais  at'tmnied  jin  .A  10.000  t^ross  inns  a 
iimnili  iahrnit  7S  pei  mil  ol  tht  total  Inst  bs  eneins 
aitioii).  a  nun  h  hi*)|iei  pinpnilinii  than  in  the  past. 
Mnnlhh  l*)sses  in  t  Meins  aiuraft  (.hooped  K>  07.000 
•_4l  <  is'  I*  »lis  [  J  0  pel  t.en  I  nl  the  total).  Mott  lid  \  losses  In 
«  IK  ]|J\  Mill. nr  (i.llt  W'fie  ahntll  Jpl.UOO  .Ulnss  lolls, 
while  tile  nmiiihls  josses  In  mines  weir  on  Is  aboil! 

1 1  .non  -4i  ( >s\  inns. 

I  In  loin  I  "hipping  as  a  liable  det  i  eased  h  oin  about 
; A,  lotj.tion  lH'Iss  inns  at  d><  lu  ^iimiti*'  t>l  10  H?  to 
ahnut  .H  .MHl.M(H)  uss  tni  is  at  I  lie  el  id  nl  this  pel  md. 
Pal  l  if  n  I.d  Is  st  Moils  ss.is  die  lirtfW  tlesl  1  i  it  I  ini  i  nl 
IjliLb  dm  IW;  tjlis  per  i*  id.  !  00.000  *»mss  mils  insl 
II mill  Ids  as  (  oiiip,n  rd  in  70.(100  en >ss  Ions  mnsluu  led 
mnni  Ii  Is  I  he  si/e  o!  I  he  I  a  II k <  l  fli-el  tlet  I  ilifd  I»s  n\  el 
1  .1  MlO.tfOO  4)  I  jnn  1 1  >1 JN.  I  II  a  I  n  )l.l  I  I  o  pel  (  rill  nl  i*  s  sj/r  a  I 

i  In  1  k. *4 i 1 1 n  in'4  *»!  I !*  I1A 

lilt  mimbei  nl  ships  siiilahir  lm  on-an  ('-.(nil. 
as.iiiahh  i«i  dn  \ili«s.  mt  ceased  limn  ahnut  070  at 
die  he^imi ii r-4  *>!  I!)  il!  i"  7  la  al  die  end  < *1  St  plrmbtT  . 
I  liis  Was  dot  ih. dills  m  all  nutcase  ni  ahum  (it)  ill 
lilt  fttuiihe]  ol  dt  si  i  n\ <1  >.  1‘wt  Ise  ness  auxiJiru  s  ail 

*  i  a  1 1  t  ai  i  in  v  w  ei  e  a  isf  *  t  otnplc -led  dm  in**  i  ll  is  period. 
I  Inixt \t.  2 .  da  *4i  as  ns  nl  iliel  h*i:M  siinaiion  al  die 

•  nd  nl  ibis  pel  ind  t  cm  i  It  et  I  ni  a  sj/rahle  t  spans  inn  in 
ili*  t  tnisii  in  i  imi  pin»4iam  lor  10  la.  with  the  l  .  S. 
N.iss  i\ptitin.4  m  pln'lute  ns  el  -A00  rsr  nil  ship,, 
nitiji  lit  hi  Ii.dl  til  whiili  sstudd  he  dtstinsei  es(.t)lls 
j  i  j  i  ■  .  tit  s  1*4  in  •  i  t  sp*  t  i.i  i  i  s  i  ui  t  <  j  1 1  \  ns  cm  m  t  a  nd  a  nl  i 
siibmai  i tie  w  al  lai  e. 

Villmmdi  the  \I1k  s  had  sulleietl  eslleiiiels  brass 
losses  in  die  Uesiem  \ilanii<  dmiii‘4  (his  pej  inti, 
t  tins  ns  in-4  and  ail  t  i  al  I  had  m  it  t  ret  led  in  th  is  1114  I  he 


(  <  >\ !  1 1 )  I  \  I  I  \i. 


m'rvi.v  or  k i  si  i.  i  s 


s:* 

Ylhmlit  comow.  it  \  :rs  I  jet  ninmi?  inc )  f’;isin^K  ;ip- 
juicttl  'll. ii.  ;illh«ni”li  *!»i-  * It-i* *:• !  r j!  ! ! ■  \  i 

w < m : K i  not.  c > I  Hm  ! I .  win  the  u;u,  the  \!lies  tntdd 
not  j  >!  i  i  j|  \  win  i !  if  •  w;u  without  iiwt  d<  (cat  inj;  t  hr 
I  l>u;ils. 


I 


I  In  m|s  out  ol  llu  -.f  t 1  i;tM;il  le^inm  l.»v  i  hr  t  sid  (/I  l  h  o 
period.  I  he  niititi  {nohteni  l.n  mu  the  \ihcs  ilm  nui 
the  ne\l  jiiiiod  w.is  iii.it  oi  iiki  in  i  ;t  iniii”  the  Mow  oi 
v.mi  nnitei  i; i f  horn  ihe  I  niiet!  Mules  lc»  l’.ni;hmd.  in 
pan  it  id. n .  I i i:i i  < >1  .isMmtij;  tin  \;dr!\  «s!  the  Nmih 


i 

\ 
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(Thapler  5 

FIFTH  PERIOD 

LARGE  WOL  F  PACKS  BATTLE  NORTH  ATLANTIC  CONVOYS 

OCTOBER  1942 -JUNE  19-13 


■I  i '-HO AT  OFFENSIVE 

Di  m»i  i »  i In-  I iii  i  i  Inn  i hr  1  limits  1i;hI  l)«  i  n  ill  ivi  n 
iliilll  i  hr  (  o;i*'!;i !  ;n  ras  n  I  1  hr  l  oiled  Stales  In  I  hr 
jw.n |ii;i jijo  {}j  (his  jiri  inti,  i hr  shipping  !u\ms  !o 
l  ln/;ir,  (oniinuril  in  inn  at  ilie  sunn  liii*h  level  as 
(!lll  ini’  ihr  pirvjmi.s  priiod.  I  hr  .  \  1 1 1 1 1 1 !  i  t  lonlinilrd 
lo  hr  i hr  (  hirl  ;i it  ;i  oi  l  *  ho;ii  ;u  t  i\  ii\  wilh  about 
jht  1 1 di  oi  lilt  shipjnn"  losses ’fo  I  boa  is  o<  <  im  in** 
I  hri  e.  I  hr*  r  wrie  uvri  I  Oil  l  -boals  ill  sen  *n  llir  A1 
hmi i<  dm  in.”  most  ol  iliis  priiod.  I  his  enabled  ihr 
enrol'  In  conduct  :m  intensive  l’  hn.it  rutnpui“ii  in 
i  he  X  on  Invest  Miami;  Ann  against  i  hr  mi  ategic  nils 
iinpoir  (;in  I  .\oi  tli  \  1 1  a  n  i  i<  i mivovs  and  st ill  maimain 
‘Hindu  i  of  siihsidiaiv  <a»npai“n.s  in  olhri  wide 
spir.nl  ,nri.*s(Mii  h  ;is  llit  <  !:u  ihhriin.  I»i a/ilian.  l  ire 
rowii,  .md  Si  Mi  I  In*  ns!  At  hint  it  hoiss  in  .n;  ;« t  ?  *  nipt  to 
hnrrihr  Mlirv  m  dispri m  tin  i»  Imn-v 

I  hr  lot.ll  shipping  I  issrs  to  I  limits  iniilillllrd  in 
hr  t  ,i I  hi  l  In  ;i\  \  ill  (  )i.lnhi  r  I  !H  2  as  P  »  sh  i  |  js  ol  Id  I. ,0t HI 
‘^inss  inns  ion  sunk.  Mn  iiiicnsif \  ul  the  l  ho:ii 
i  -.mp.tinn  .i”a:nst  i  lie  n  .r.is.n  l.m  i  h  <  mivms  nu  n  .m  d 

u  1 1  h  I  hr  I  j  I  Mill  II  1  n|  l  I  >o;HS  III  lllr  \<  >1  I  I)  W  rsl  \  t  l.l  II 
lii  \ic.i  i  i  s  n  i  1 1  mil  I  I  in  Si  pi  cm  Ik  ]  In  ‘J!*  in  I  )i  loin  l 
|  111  sV  \  I  »u<ti  s  >.ink  2  I  shijis  V\  i  1 1 1  1  hi  hulk  o!  i  hr 
losses  OMIHIUI”  in  ill!  "“Up,”  I  lie  lr“iol)  nillsidr  I  hr 
l.iliur  III  xIiom  k.iMi!  ail  (  I  .lit .  I’  \  Jiri  in  it  i  •  iniln.ilrd 
I  hat  .imnvov.noi  pinouidlA  aiiuafi.  mav  hr  so 
dr.nl“.i|ii/rd  h\  .1  -  c  mi<  rnti  aird  als.itk  .md  ihr  ir 
sultan!  hunks  in  Imuiatimi  Ini  lesuir  wm  k  and 
nllit  l  adjnstllirlH  lli;il  tile  (Mf)l!s  Hi;i\  hr  1  Oillr  (  olll 
putative  !v  inrllre  live  lot  either  pmlec  linn  nl  ollrnse. 
I  lui\  1  a  ci .  I  In  pi  i-srin  r\ rn  Im  a  leu  hum  s.  ul  mu 
01  two  airc  tali  lias  a**:* in  and  a”. 1  in  |>M  vt.inrd  a  < mi¬ 
ll  -ul triied  all. i<  k  hum  developing. 

I  his  was  will  i  I  lush  a  in!  dinin';  Of  lohn  .  On  tin 

Jill.  Oumov  Il\  '»n«l  was  in  some  Ctrl  d  v\  Inn  ahon! 

.KM)  miles  smith  ul  \<  eland.  1.  S.  Nav  \  (  kitaliuas  pi  u 
\  id<*(l  <  lose  escort  Ini  l.’ih  hums  and  piululivr 
sweeps  ivi'ie  laid  mi  h\  seven  aniiall  hum  hdarid 
and  liner  1‘uiiirssrs  limn  Kurland.  In  ihr  coiiim*  ul 
llirsr  npri  at  inn-,  llir  au<  tali  made  nine  si“htiiu*s  and 


t  a  1 1  ird  out  sis  at  lac  ks;  llir  all  at  k  on  ihr  (omov  did 
nol  drvrlop.  ()m  llir  olhri  hand*  (iunvov  S(  |0i  wav; 
hraxiiv  aitaikcd  on  ihr  niidils  «»|  ihr  l.'hli  and  i  !  1  h 
wlirn  mu  nl  ihi  1  aiii*c  ol  a  in  1  all  and  ri«;ln  ships  were 

f ni  ihr  hriin.  i  nr  wraihr)  impioird  and  air  cover 
.:i  1  ivrd  rn  a  hi  in«  1  he  snrlac  e  esc  oil  !n»no\  rr  to  ihr 
ollriisivr  and  sink  1  wo  l-boais. 

Anmhri  ilrvelopiiiem  diirin**  October  was  l  he 
si  a  1 1  ol  1 1  ic  expected  I’  boat  opera  I  ions  iii  ihr  .South¬ 
east  Atlantic  Area,  near  Capetown.  i  his  new  "st » I ( 
spot"  was  exploited  In  two  groups,  eac  ll  ol  about  six 
l  -boats.  w  hie  h  reai  heel  llir  Capetown  area  and  even- 
mall)  passed  into  1  lie  .soul hern  pai  l  of  llir  Indian 
Ocean,  when*  Japanese  ( '-boats  had  prev  iotislv 
a<  liirv  rd  i  onsidri  able  sure  ess.  I  hrsr  j'lonps  sank  2 a 
shijis  in  tin  Si  nil  In  .1  si  Vi  laiif  ic  \na  dining  Oi  10  her. 
Ml  ol  1  hi  sc  ships  wen  independent  !\  muled  and 
some  can  ii  <1  1  aihei  v  a  I  liable  i  .11  “ois. 

However,  some  ol  the  hrav\  shipping  losses  Sill 
irird  in  H<  mlu  j  and  \o\iiiibrl  m;i\  he  1  hat  e.ed  to 
ill;:  su<  i  css  ul  Opciaiinit  I  mill.  I  he  landings  in 
Xmlli  \fiiiarail\  in  \nw  inhri  I  (•)  12.  A  “leii  l  dra  I  ol 
im  iihain  shippi'ni*  and  mans  r's<  orts  we)  c  naiurid  I  v 
divei  let!  limit  lliri)  not  1 1 1:1 1  llsr  in  l  blobn .  when  I  In 
Imindai  ipns  weir  Imnl.v  laid  Jm  ihr  acini  vcinriit  ol 
llir  sale  an  i\.  1 1  ul  ihr  In  si  uiiliiai  \  convovs.  in  addi 
lion.  I  he  rnniiv  disposed  an  abnormal!)  Iaij*r  plu- 
poiliun  ol  his  Allanlir  1  hoai  Joftr  1:0!  nl  ihr 
A/uirs  and  .Madriia.  I  his  suggests  lhai.  in  a  bioad 
sriiM-.  ih<‘  C.ri  man  (omniand  had  ajiprec  iaied  the 
likelihood  o|  an  Ml  ird  aitack  on  \hiia.  Our  imisr- 
ijiiriii  r  din-iih.  irstdiinj*  hom  this  retlisposii  ion  o( 
I’-hoai  lours  was  llial  (iunvm  SI.  12a  was  severe lv 
tnaulrd.  losing  12  ships  during  a  I  das  pmsuii  b\  a 
pac  k  ol  a  hom  six  l  boats.  I  lowever.  1  he  pursnii  was 
a  ’  nu  1  >1 1  \  ih.'}»ped  I*r!'»i  e  il  '. !  ?  i  ■  v."  lire  l’-l.*oa!>.  a  wav 
from  1  hi:  ana  sonihwrsi  ul  Pm  1  ni;al:  il  max  have 
hern  irt;arded  as  ul  i^iraier  importanre  that  dies 
should  Slav  ihrir  and  uionnuiiri  than  lhai  the\ 
should  I  m  !  hi  i  pm  Mir  an  01  dinai  \  1 1  adr  1  mi\  u\ . 

Disjoin  t!ir  hut  ihal  convoys  oi'  i In*  expeditionary 


COXMDKN  I  I.M . 


\  --boat  oi  rr  ssu  i 


lours  had  lo  pass  ihmindi  t  mn  em r;i ( ions  oi  uO  lo 
10  l  -Imats  Ih'Icik*  iraching  ( •  i i >i  a  1  ( r.  in >  (  I  mat  sue 
uv.r-.  Ui’ic  achieved  againsi  ihcsr  inM'.n’.s  I!!!!:!  altri 
Mu-  ass, ml!  troops  hail  landed.  !  hr  nimshri*  ol 
I  ’  boats  in  Mu*  WrMrin  Mcdinr.  :mi:»n  in<  s  rased 
tit  mm  ahnni  10  nit  \n\rmhci  S  id  about  20  mi  \<»- 
\  mi  her  i  I.  I  hr  losv  %  in  l  Sinai s  in  ( ) petal  ion  I  nit  h 
amounted  Id  dll  l\  a  Ik  >nl  «S  l.nuu  <»i  oss  ■nils  nf  siiij  >»  I  i  ll«4 
and  \i\  naval  vessels,  I  In  luial  shipping  losses  linns 
all  cm  iii\  i.iiims  in  liiis  oprt  at  inn  amomiK  d  in  abom 
I  1.1)00  gins-.  it  ms.  agaiitM  ninth  ( ,i  n  I  »<•  <  disc (  a  gam 
In  I  hr  All irs  nl  a  1  mill  I  ft  1 .1  .MM)  gt  Oss  I  nils  nl  sri  \  U  ra l>!r 
mnnagr  .ti  ijiiii  (<1  in  It  rm  h  j  >nj  js.  In  addil  inn  in  i  hr 
dthiisivr  mu  mss  a*.  iu’rVrd  against  ll:r  l  hnais  in 
(  >nr>  .1!  inn  loiili.  ihr  \llirs  also  sinird  a  nnt.ihlr 
oljrllsivr  silt  (  rs\.  sinking  la  l  hnais  ill  i  I  it  Mi  din  l 
lain  an  dining  .\im  mini .  \  l.n  gi  -  fat  mi  in  1 1  u  se  v  it 
Iniiesnvet  (lie  1’  hn.ih  n;u  lllc  hi.Ui  ail  <  out  pH* 

\  idrd.  si  in  r  ah  c  i  all  h  mn  ( .  ihi  ill  (at  made  I  I  0  sight 
iiigs  and  til  aliaiks  mi  (hr  large  <  mi<  rim  ai  imi  nl 
I  ’-linals. 

In  i nun ;i\i  m  flu-  vn»tivs|ni  landings  in  Xmili 
\liiia.  unilduidi:  shipping  Inssrs  it  ached  ihrii 
highest  point  nl  ilu  w.n  in  \cn  rinhrr  10  J2.  as  (Xl>2. 
mm  gi  n*s  mils  nl  shipping  uvic  lnsi  limn  all  tausrs. 
I  Imais  aKn  .sank  1  lie  giransr  tonnage  <>!  i  lit*  wai  in 
\ i >\ i  mix  i .  ;k  i  < >i 1 1 1 1  i 1 1 *4  Ini  I  Jr.  mi i pv  o|  71  2.UI to  gi n>s 
inns.  Ilu  innnagt  «nnk  dm  ing  <  )i  i.ohri  and  Nmnu 
In  l  vv.h  s’.w  lh  d  h\  Mu  Ims-nl  a  mindii  i  u|  huge,  hist, 
i  nvi(  j  >x  iui«  ill  h  i«»i:n.d  'hips  uhiili.  mTaimuni  nl 
linn  spied,  had  l>»  e  n  o  guide  d  /is  laiiiv  sale  limn 
1 ‘  )  m »,i i  an ,u  k.  1  i ism  s  in'  i hr  \m  t  Iiucm  A  i  lain  i«  * « >> i 
i  him  d  al  l  iu  i:  high  !c  \  t  I  as  2n  ships  nl  I  I  I  .ni)0  gi  nss 
Min  \\  i,  1 1  sunk  ilu  n  In  (  lm,ii\  I  nssrs  in  ihr  Snmh 
ras?  \ilainn  lid  nil  s|j»|nlv  m  2>  ships  nl  127. min 
gm-s  inns  hni.  s|] ipjiiin.*  “I*>sm  s  in  die  f  aiihhcaii  and 
Iha/ihan  \nas  inmmn  d  again  >  ilu  1  hnais  .  .ml. 
.1  I  ships  «»|  2in0un  ;■!»  iss  nuis  dun.  I  (u  se  h*  «i  v  s 
lf> ssi  s  in  u  itlrspl i  ad  aO  as  minmd  drspjn  ihr  in 
liiisive  i  if m  !  im.i'Ii-  l>\  Ihr  I  boats  in  opposing  ihr 
\  1 1  it « I  landings  in  \»>m1i  Mini. 

I  'j»i  shipping  1  ■  ism  s  in  I  hnais  in  l)ri<iuh<i  1012 
wi  ic  02  sii ips  r i|  1 1  f.(HM)  ;»i us-,  inns.  r»nl\  almni  hall 
ilu  i  n  m  d  ini.  1 1  nl  \mi  mini .  J.  his  sic  /  p  t  let  line-  u  as 
pH if  ».i ! 1 1 \  dm  In  i In  i  mil ul.i l  i  \ r  rllri  I  nf  \  a r  inils  i  mi 
nibuting  iaiinis.  mu  jt  as  1 1 1< -  i  oik  rniial  mn  nl 
I  finals  ill  I  lie  Ada  MU  appin.iihrs  In  dir  MVslri  I) 
Mrtlilt  1 1 am  an  and  a  i  mis:  ipimi  uididiawal  rise 
\\  fl<  i  r  i  pail  ii  ulai  lv  1 1  om  ihr  \\  i  si  and  Sen  1 1 1 1  \  I  la  n 
lii).  ihr  liraw  hninhiiii;  In  Allied  aiMiall  nl  ih< 


l»is<a\an  t’  l«»al  hasrs.  ami  somr  I'llrclivr  uni  k  l)\ 
sin  lac  r  a  ml  an  cmoi  is  on  (hr  Xml  h  As  lam  ic  mules, 
as  well  as  ad\ris.-  Wr.iihrj  and  some  im  k  in  souliii.i*. 
I  lu  <  nrin\  a !  ( i  Mailed  ihr  smalle  r  sinkings  in  had 

ral  lirr 

( >n  i\  mu-M/sam.O.VS  I  a  I.  siiOri  rd  hra\  \  losses  in 
ih<  Xoiili  Mlaniii.  I  iii*.  (omov  uas;*i\cn  a  snmh* 
r)  i  runic  and  was  ai  miked  !>\  a  }*:uk  nl  abnm  20 
l '  hnais  as  ii  du  \\  om  <>l  >  hr  o!  air  ( mcr,  \  i'!rsr 

I  hnais  I ol lowed  ihr  i  mi w>\  Im  lour  da\s  and  sank 
I  I  shi  {>s.  I  his  a»ain  ilemnnslr.nril  (lie  immriisr  im 
pni  lame  o|  rfluirnlK  c  mn  hin  i i*>  si  nl  are  and  air 
esc < »;  l  and  indiiaird  dial  sin  lair  c*m oris  air  ph\si- 
<ali\  iutapahfr  of  waidlh"  <>f|  cniurilcd  attacks 
In  a  ji.u  k  nl  (  Im>.iJs  width  mil  numlirrs  lluin  lr, 

* um r  than  a  2  Jo  I  jaiio.  In  selri  1  in^  ( om o\  rnutrs 
at  this  i  i  1 1  it*,  dir  advantage  nf  die  not  duals  mute 
wii  hin  i  hr  iati”r  of  a:r  mve.»  (mn;  h  rial  id  had  in  hr 
i>a  lain  rd  a^ainsi  ihr  inn  rased  i  iiur  ol  the  ft  ip  due  to 
“i ra iri  (liManic  and  wuisr  wraihrr.  In  addition  du* 
had  wt  a.tlin  M'(hi((*il  i  hr  rflu  inn  \  nl  ihrrsimts. 

Ihr  shipping-  h  >s\t  s  lo  [  hoals  in  |anti,iM  [0I.» 
dtopprd  In  / >t  1 J V  ^hlj>^  nl  20.>. 000  gmss  IOUs.  Jess 

ihan  in  ;ni\  nmnili  ol  10  12.  I  hid  urai.hr!  .was  (In  pi  i 
mats  laiim  irspunsihh*  lot  this  m  dm  lion  .mil  ii  u.is 
ietot;m/t.d  that  t  In- gi  a\ its  ol  ihr  l  i>nai  dii'rat  was 
mm)>  more  se»imi>  di  m  indiiaied  l>\  die  low  ship¬ 
ping  hisses.  I  l)i  hue  o|  a  I.Mikrl  lojivr/N  hound  horn 
r  i  in  ii  lad  lo  (.iliiallai  srpinnl  a  li.uei.  index  ol  die 
si  m  ngih.ol  a  i  •  lio.it  pat  k  opr  i.n,  mg  in  I  a  \  ora  hie  ton- 
diiiofis.il  1 1 1  (  In  ginning  * '}  10  I  ».  ( .on\ n\  I  M  I.  m.ulr 
upol  nine  i.uiki  i  s  .nid  loin  "Snuis.  lost  sewn  lankeis 
as  .1  n  suit  uj  r  ho.il  .ni.’uks.  all ‘well  outside  lllr 
i  ange  ol  sho! i .  hast  c I  aiiiiali.  I  Ids  uas  die  highesi 
P'lopoi  lion  «»l  ships  sunk  h  >m  an\  i  onvov  h\  L'  lioats 
dm  i:ig  die  \\':u  . 

i  >1  die  100  m  moie  I  I >o.i is  ai  sea  in  die  Adamic, 
nli  am  mu  da1.  o\<l  a  iliild  wei  e  oj  k;i  ai  ing  ill  die 
XoiiJnvisi  \ ( hi r 1 1 it  \ua.  I  lu  L  hoais  we) e  coiKc  n- 
nating  againsi  du-  \mih  \daiiti<  <oiho\s  which 
taiiied  ( a  i  goes  ol  umiirdiair  iinpotlailce  lor  mili- 
l.u  v  opei  a  l  im  is.  (.land  \  diu.il  a  I  I  )ori  i  il  /  jjad  hec  oilie 
‘.npirsne  i  oiinnaiidei  nl  i  Ju*  ( da  man  \a\  \  and  il  was 
hemming  r\ idenl  ilia!  die  tliliial  phase  of  the 
(  hnai  vs  a  l  in  the  \ilaniii  was  appmai  I  ting. 

To  nieel  lo  some  <  xicni  the  nerd  lot  shorr-hasrd 
aii  coxei  On  Vi  lam  i<  tonvow.  du  Vila's  planned  lo 
iniindiue  Vcm  long  Range  jVI.Rj  ana  tall  w.idi  an 
ell  dm  a  lit  e  ol  2000  In  2a00  mi  les.  Some  11}  ing  was  also 
done  Imm  (dretdaud  although  weadirr  t  onilit  it>its 
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i.\R(.i:  nou-  PU  ks  nviiiA.  nor  in  \ii.amk;  (.on\ovs 


:k» 

uur  a  seven.-  handicap.  (.  •«  mi  iiiumis  shoi  r  biiM-d  ;iil 
t  n\ei  w  .is  .1  v  ai  hili lr  I  h-i  urn i  ( >  i!>t  ;i 1 1 ;n  ;m<l  I'i  irlon  n. 

I S 1  I -I  !  !1  :  f 1  \  !!)!;;  ihe  l  boa!  rlhnl  I  i  i  |  In*  \  <  i !  I !  1 
\ i  Lin:  ic  mu  i  r.tM-.l  in  iniriisiiv.  Mu  wol  Id  wide  ship- 


i;i  i  j-i-’  i  <  tl  |s.  Willi  It. ill  lllrse  !<  jsscs  i  k  <  tilt  1 1  il*  III 

die  X I  111  ll\\es|  Vikulin  \leil.  I  WO  oi  I  lie  Xojlh  \l 
l;illll(  willUi''  \u  i  r  lle.A  d\  ill  I  at  krd  n\  pucks  nf 
ahmil  !!0  i  boats.  (.i»n\u*.  S(  I  IS  |i»*.i  ships  m 

I  I .,1.1 1  attacks  ea*l\  in  die  lannih.  sewn  ul  them 
dm  i 1 1*4  .!  pel  iod  » * i  dure  lu u  n *».  I  !ii\>.n r! .  ul  leasi 
I  we  i  l '  !n ».i  is  uc  ic  sunk  ; ■  1 1 1 1  m\  i  l.i milled  dm  in<;  l  his 
;n  •  uni.  ( .1  iit\  u v  <  )\  I  • »( »  siifln  i  d  i  lu  l.iss  m  ||  ships 
•  i \ i*i  ;i  pel  i« »; *  <»!  iiw  d.ns  .is  u  1 1  m i it  ni  I  boa  i  ;ii sac  ks 
on  I  side  |  hr  l  .mj;r  i  >!  slum  I i.im  d  u  ii  i  i  .i 1 1 .  !  hi-  ciicmv 
was  i  mu  c  1 1  ii. 1 1  iii»  his  f<  n  i  i-s  in  ,m  i  II  mi  i  1 1  .•  in  hi  1 1 1  pi 
i  lu-  flow  <  >{  siipj  >|ii  >  1 1  n  \ i nr!  it  .i  1 1  >  ( .ii  iii  Hi  ilu  in 
Ulld  the  [  Im.ils  we  ll  displav  in<4  iik  n  .is  d  huliim-.ss 
in  .k  u  in  pi  iii“  !•)  uchiiw  lliiv  objictb  .  Ilowvu-t. 
about  \  I  R  .lilt  l.lll  j  l.M  I  hi  i  ill'll-  operational  in 
lebiuaiv  I1.)  1.5. 

hi  M.iJth  I'H.l  dl<  woiidwid*  slii'ppili:;  losses  hi 
I  hn.ils  m<  Mill  I  (  d  to  h>7  ships  nf  li'J  7. 1 100  ';|i>nn  I  nils. 
I  ill-  Ii  lllpo  nl  lili  l  Iki.I1  nil.  ||s|W  a^.lilSst  |  hi  f  1  .'.II- 
ail. unit  i  miviiv  v  iiu  ii  .iv^d  ,i-  i  ht  imni.hi  i  ni  l  Ihmis 
in  ih<  \«iiih\M>t  \  1 1.:  m  i  i«  \n.i  u»m  im  .ilmm  It). 

I  In  m  I  !  ;i  i.iis  s.mV  ;S  nIm  ps  in  (  h.n  ji  •  .i  1 1  it; h  h  >i 

I  In  W  .11  .  .Hid  .i  ii  ud%i  jl  i:  iii.i I  i  *>  di£p'  v.  t  i  <  -%!  1 1  •  k  i  n  i  In 
.id  j.ii  Ill  \  pi'  I  hi  .i'i  \l!.rilu  \n  .i.  I  In  i  ii(  m:.  s  i  < 

MfhiMVi-*  m  I  In  Son  ill  \  I  i.t  1 1 1  i  i  -f  m  i  i  in  ih*  (  .nil 

Im  .in  .Mid  \/m|i  '  ,\l  ui;!  lu  n  dnnK  nf  do  h>n 

llilVt  Sind,  i:-  I  I  M.lh  (im  Ml"  V.I.III  Ii  W.r  mi 

ujlMI  Sllld.  .Mid  till  Ifn'i-Mt  mi)  illll.MMII  ;•*  •  ,..s  i  I  (|  ;s 

«»!  shippin*!  -nuk.  in  mmm  In  I  I  m.h-  duim'-.  tin 

I  II*  M  ll  ft  U  .1  s  ,1  ]  i  i  t)i  d  t « it  I  III  V.  1 1 1  .  Mil  i  ;i.(  M  I  1 1  .IM  Ml  l<  >1 
i.lu  I  in; i  i.m  n  .im .  i.u  ImIiii.'I-k  l.ud- '  in'i'imii-,  was  .m 
ilk  n  .nc  in  ilu  1 1  mil  I  u.  i  nl'  i  nn\ o\s  .m.n  ki  d  .mil  ium 
.1  W(M  kridli’*  111  lit* :■  jJMili  I  I  i\f  \  :  1 1 1 1*  oj  ill'  •:  m'OIIs 
I  In-  i 1 1 1 <  iiviiv  ii|  /hi  l  I  ii.ii.  i  ih u |  ni  ilu  \ m i  ih 
\ i  i.m 1 1<  dm  ui"  M.n r  Ii  n  «  N  .n  h  i udit  an  d  1 1\  1 1 u-  at 

links  (Ml  h  1 1 J I  <iMn(<Mli\«  i  iNiiMllkd  1 1  .1  |ls. 1 1  l.i  1 1 1  ii 
t ,(  M 1  V  » |  \  s.  |  ilr  I  I  H  »,|l  s  »»|  ||l*|  ,1  i  |  \  (  M  I )  1 1 1 1  III  h<  1  i  (J  I  lit  es 

(Mils  li\  ,d  (Mil  l\\(»  hi  (Mu  .Mid  w  c  n  able  hi  loipcdo 
.HI  ships  linm  lln-st  l*mi  loiiur  v,  in  addition  tot  i^lll 
1 .1””  ill  >.  \  -•  M I  \  *  1\  M  .  iJi  f  ).l  [  i  i  \  Milth-lld  i  IN 

brav  \  w t  ,:l lit  |  ;md  ImsI  hx<  ships  in  i  onxov  and  si  \en 
sli ;s”!;lc  i s.  (  miixmx  II N  |mvi  hmi  ships  io  i In¬ 

i’  finals  I  ml  i  hr  ( si  mi  is  w  i  n  u  I  ih  io  sink  I  u«»  (  hoais 
in  one  ol  liu-  dial  nil  lit  jin  idt-nis  nl  llul  hniil  u:m. 


\ll;  »  ;m  aliatk  nil  lilt-  toinm.  I  IMS  Ihtu'twln 
si“hii’tl  ;i  I’  hoal  and  niinmnl  it  .11  iilinul  2'i  knots. 
I  In-  I  ijn:i!  hmiM  nndt-r  «hr  sh-ni  and  tc-nld  ikm  hi 
dislodged  Ini  uluiiil  irn  nmmlcs.  Mu  I  I*S  .Ittniil 
hiiisiii-i!  nil  (hi-  damaged  I’  i:oai.  in  spile  ni  enn- 
sideiahh-  damage,  I  IMS  /  im  was  aide  in  pin- 

((•(■<'  011  mu  -  fiiipiu-  hu  sex  <  i  ul  ho  m  s  uni  i  I  she  bet  aim- 
« Mnpieie! v  disahled  and  was  torpedoed.  The  I  hS 
hojlit  ilu  ii  sank  die  l  honi  width  h;id  desirnved 
I  IMS  /  im  iT\h  ) . 

(lornms  I  IX  and  S( !  wt-n  1  Milled  t  loseh 
io“eihti  and  tiin  into  a  1  oik  cnttai  ion  nl  iil.oui  iO 
1  ’  l:niilx.  ihe  lai^esl  pai  k  einplo\e(l  up  In  'hill  lime. 
Ins  mk;  'JO  sill  j  »s  indie  l  hnals.  (  )i  1  ilu  11  ij»hl  nl  M  ill  1  It 
In  IT,  1. 1  ship^  wilt-  sunk  when  ilu-  inmoxs  were 
.  1 1  im  1  t  N~iO  miles  limn  die  neaiesi  air  I  >;ist-s.  I  he  Io! 
In w ill!!  da v,  1  he  t  ni  1  u ws  1  e(  ei X  etl  some  ail  t  n  \  el  1 1  0111 
V  I.R  aii:  tall,  wilh  one  plane  si^lilinj;  si\  ('  IukiIs. 
In  ill.  .’)  i  soil  ii  s  writ-  Mown  in  delense  ol  these  I  wn 
t  'Mi*. n\s  i  esiilt  iii”  in  .‘•L>  si«*h(  i  1 1«» s  and  'J  I  al  (at  ks.  I  lu 
(  !.-nai\  weie  lm;ill\  loned  io  disenii»;ej;e  tm  Manh 
"II  and  di is  dale  m;i\  well  he  (oilsidered  iis  the  Mllll 
“ill1;  poiiif  in  theii  ol!eii\f\ e  power  its  sinkings  ol  1111  1 
t  llalll  \esseh  lxcic  ;il  :i  in  lit  1 1  irnvei  I  ale  ll  lei  (ill  t  el  . 

\  1 1 1 1  ( *  1 1  m  1 1  the  shipping  losses  in  Manli  were  \ei\ 
lu.ivx,  ilit  i<-  wen-  si^iis  thiii  1  lu-  sitiiiiiion  in  ihe 
X  <11 1I1  \  1  I.m  1  it  \x:is  im | m  a  ini;,  \d\anre.s  had  been 

III. Sill  liiw.iuls  liu  pHAisinU  nl  |  nl  1 1  i  1 1  >.K  M  is  i.lil  (  (A  Cl 
Ini  I)  illls.u  lam  i(  toli\(Asln  (  he  illt  leiised  MSI  nl  \  I  d< 
,.iiit  «;>!.!  !  i  • » i  r  4  X  t  \x  ioM  ml !.« 1  id.  hrlanil.  a.lltl  i'.Moiaild 
and  In  dir  inn  odiui  inn  nl  ixinil  lanielsand  Mei 
(  h.>  1 11  Yin  ndi.  (  aiikTs  'M\f.  ships.  M  \( .  ships 
We  it  im  n  ha  u  1  si  1  ips  w  hose  dreks  wen-  t  01 1\  eilt  (I  so. 
dial  Mn  \  could  ( ai  1  x  font  Suoidhsh  ainrali  whiili 
( ni  i  I*  I  laki  nil  and  land.  Ilu  (  SS  lin^nr.  die  first 
I  .  S.  imhii  t  .n  1  iei .  slailed  npeialiniis  as  an  ev  nit 
Ini  ili<  \<mi!i  AiI.miIm  ioiikax  dinin**  \|aitli.  Yi 
die  \  1 1 . 1 1 1 1  i<  ( .oli\o\  Clnilh  l  eiu  e  lu  Id  ill  M  ashiili>h)is 
111  Manh.  ii  was  ;i^nul  d.ai.  s.1  a  1 1  in”  ill  Ma\.  ihe 
I  niii  cl  Kingdom  and  (umada  slmuld  hi  respnii'-jhle 
Ini  I  lie  s(-(  m  ii  \  nl  t  n!|\  o\s  .11  I  ihx  I  he  Xn!  !  !i  \  I  111  11 1  it  . 

I  lie  I  ’  idled  Slates  pi  m\  idii  11;  (  ell  a  1 11  ail  ai  id  sea  Ion  es 
in  help  ilu  in.  Ii  was  also  dec  ided  In  s<-|  up  a  unified 
an  command  in  Newfoundland  t  cm  n-sps;jjdiii!'  in  die 
(  io.asi ill  ( .ni lima  1  id  s\ stein.  I  he  l  idled  Stales  was  in 
base  ii  suiislanliai  tom  ni  \  I.K  a  ll  c  l  all  in  this  ie- 
!»inn.  w  h  ic  ii,  mtu  diet  wil  Ii  the  VI  .Is  1  .iiiei  aim  s  ol  1  he 
K(T\I  .  wen  in  close  iJu- j»;ip  m  the  \nrih  \  1  hi  lit  ic . 

\  f  1 1 1  •  m  1  i* 1 1  die  1 1  mill >ei  nl  l  '-hnals  at  sea  (  uni  iimetl 
at  die  same  hi*;!i  level  in  April  MM  a.  ihe  shipping  loss 
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Ho\  r  oh  i  ysim 


was  ipradv  ivdiu  rd  w  ilh  du*  l  ’  hnals  sinking  ah  ships 
t  >|  nL’.X.dUU  *41  oss  inns.  I  hr  shipping  losses  lo  {'  hnals 

in  die  \ui  * hues!  \ s !-s s 1 1 s<  Mra  in  Apiii  *vui  » *  n  »v 
IS  ships  < i!  IMS.IXU)  "loss  mils,  less  ill, III  hall  ihr 
.M  Ii’\  1 1  S  ri » »i  s !.  I  eli  s!i  i  j  is  iVi  i  r  still  k  I  »\  »  i  it  i.«is  i  i'»  i  Su* 
1  i  rrlow  ii  Men  and  Japanese  \  boats  sank  sj\  ships 
ill  liir  Sniiihuisl  P.utfn.  nil  ih>  ras*  tnasi  nl 
\iin|  i  alia. 

At  c  Mm  nan  v  i  1 1 14,  ihr  drt  least-  in  shippm;:1,  losses 
ihrlr  was  a  t  'insidei  alilr  iiuirast  in  ihr  nmnhri  ol 
[’-Inals  sunk.  17  lirinj*  sunk  in  ihr  \ilaniit  I < n  a 
k  mid  }  i  i*>  1 1  n>  1 1  i.i  i  dan.  Apiii  aK«»  inai  ki  d  ihr  hist 
sinking  *il  a  l  I  oal  in  which  plants  limn  an  rscmi 
i  .n  i  ill  Innk  pal!.  \  plant*  Imm  I  !  M  X  !U!r)  I  >  >1 1 M  < ! 
anti  aiiai  krd  a  I’hnal  wliitli  1 1  M S  /W/z/nn/r  i .  tun 
nl  I  hr  c  m  oi  Is,  sa  nk. 

\  iii<  a  r  sai  isl.H  i in  \  1 1  in  i  inn  i  hai  i  In  l  1m iai  >  lit  n 
sj\r  sin  11-ill  !i.t<  I  passed  ils  p<  ak  was  1 1  it  I. it  I  dial. 
[( >1  dll-  ll|s(  I  i  lilt  .  I  I  a  I.I  Is  1.1  ill  d  In  p)  rss  hot  Mr  .11  I  at  ks 
nil  t  nm  t  i\s  w  ItMi  l.m  u aids  sj  man  d  in  t  In  so.  In  limit* 
nl  i Ik  at  i at  ks  on  n  ails. i l  lam  it  t  nm n\ s  d id  i  Ik  i  in  iii\ 
an  ,  i  i  d  in  * >h;.i iji in--,  .nn  d  1111*4  likr  du  npp«  1  hand. 
\  1 1  <  >)  dtt  I  I  n  >ai  s  <  1 1  mi  1  s  n  ndt  d  In  as  1  iid  .1  lit  r  nl  dt 
let  1  kin  and.  1 1  nr «  ii  w  .is  app.n  t  Ml  dial  l  h<  \  had  la  i  h  d 
in  1  his  1  n*lt  a\ni  dn  '  v  Mum  pi*  ss.t  d  Iuhik  i  Ik  n 
all.nkv  I  ht  1 1  writ  1 1  v «  Mippmt  (  .imips  npu.iiiiM; 
in  dir  \mmJi  \dan:n  dm  mil:  \ pi  si.  iwm  "I  dnin 
having  dwii  /iwn  >mhii  t  .11 in  1 .  .nul  dir  1 1 1 1 1 1 1 1 »«  1  >•! 
\IK  .lilt  t  .1,1  v  ax  .  id.ibh  had  .1  »s<  n  in«»vu  In.  \I«»i< 
in: j :s  1;  < ani  .  .1 /.it  i  1  *.\ as  a  iidiim  ai»h  1  nhai n  t  d  sl.md.n  1 1 
* >?  41  niip  M  a-i  1 1 1 1 1** .  !  <  1  n  1  iim  u|  III  1)1  w  as  mat |<  . 
a  lid  1 1  ii  >p<  1  :(f  1  n*/* 1 1*  I'.-.’r  f •  i  1  ■»  11  la< «  and  a  it  » *  ».iMp-  mm  n  1  -« 
ol  1. 1  it  «;  s«  « »)  j.s  y  a  -  "it  ad*  !/.*  j*»l  *♦*  »*t  I 

Mas  I  *1  I  7  s«  1  tii  Mi  1  ha\ «  hi.  j  p  1  In  -  u  m*  lal  nuMidim 
(I  it  lialllt  til  lilt  \danfli.  lilt  in  1 1 1  d  11  1  nl  I  !  '.Ml  .  a! 
s«  a  in  du*  \ da m  it  h  a.  ht  d  .1  p.  ak  « *1  a1  *  >ni  I  Jn.  w  ii  h 
a  I  a  >1 1 1  hail'  nl  (In  m,  l  .  I  o.il.s  f  • ,  1  it « .  1 1 1 1  ;  1 1 1  1 1  in  (In 
\mdn\isi-  \.d. mi  it  \pa.  J  in  ditisivt.  haidt  innk 
plat  r  a  1  dn  I'm  ‘Mlininr  nl  dn  nn»nlh  I j*  I  vv*  t  n  Cmmn 
( )  \  x  *1  a  lit  I  .1  pa  1  k  nl  alt  )ii  1  M  I  mm.iis.  ( )n  Mav  I. 
u  In  n  III  .1)1*  m  1 1  \  n \  iin I  n  an  d  dial  (lit  I  hnals  I i.nl 
I  It.  N  It*  <  nil  lat  I  .  dll  t  »  Ml  V  »»V  (  Mllsisl  i  (I  ( if  .ilium  ill  si  1 1  ps 

ami  Inin  si l  ,144  ha -  I  Ik  a \  11.141-  1 1 1 1 1 1 1 ! ;c -1  nl  t  m  nl  h 
pltstnl  thnniL’  iln  li.il  1  It  was  .ihmll  *  i  14  h  l .  Ih.spin 
iht  had  w  <  ad  H  i .  ,1  in  1  a  1 1  < » I  die  lso\  a  I  (  ..madia  n  \  11 
J-nr  t  r  pi  n\  It  lit  j  a  II  uni  1  1 1  in  1 1:4  (lit  .1 1  It  1  no«  mi  n|  I  Ik 
ilh  and  <  allied  mil  iwn  pmt».tsni4  anatks.  tnic  nl 
width  is  foiisitlutd  in  h.ivt  sunk  1  lit  1  Im.il  I  in 
I  boats  si ai  n  1 1  at  1  a»  k mu  shm  1 1\  .1  f  1 1  i  midn  14I1!  a  1  id 
I ' hips  w  1  it- snn k  nn  \|a\  V  ahtjin  hah  dm  in^  du 


1 1  in  1 1 1  and  lialf  tint  im»  dir  ne\i  d,n.  I)nr  10  had 
wt-aditi.  ail  t  o\  ri  w  it  s  pjt'vidrd  hu  onlv  an  horn  nn 

i  hr  Mini  mil”  oi  dieadi.  I>\  midni‘'lil  1  lit*  wrai  her  fine  I 
bet  nine  (aim  and  in^iw  and  limn  dirii  uiiwaitls  dir 
CM  m  is  had  the*  upper  hand,  hi  t hr  t on s  s<*  td  die  ni^hi 
dn  v  h  nslialrd  a  I  mill  '2  I  ;iII;k  ks  Ij\  (lit*  l  ’-hfials  w  ilh 
:>im  snflriinn  mi',  iossi  s  and.  in  atltjuim1.  inlhtlrd 
lu  -:m  \  lnss.--s  ;  i  *  1  *  I  amt!'.  (Cnua^r  on  dn  mum.  Ai 
lras(  li\r  i‘  hnals  arc  t  oiisidt  1  fd  lo  h:i\t  lirrn  sunk 
I  #  \  du  t  st  m  is  dtii  ni«»  dn-  Ij.ndr.  Ihr  l '  iutais  i)i  t)kr 
n||.  dir  at  1  inn  in  dir  toiilsr  nl  lilt*  da\  and  did  nnl 
;t  urn  11.  in  no  mu  (reding  <omn\  onrralion  did  dir 
ri  it  11  iv  <  I  i  s  i  >  |:i  v  lilt*  saint*  drlt  nninai  ion. 

Si  \rial  olhrj  tt)ii\o\s  w  a  ■)  i  *  llnralrilrtl  ii'  die  Insi 
(i.ill  o|  the  nionili  !>ul  no  sri  it n is  Itr.*..  *.  -.vui  sullrird 
and  I  hr  I  nl  I  nl  l  hnals  iiinu  Hire  l  si  cat  I.i  Is .  A I  U*l  Mas 
1 7.  no  shij»  was  lost  in  du*  \dand;  noidiol  Sa  nnnh 
laihndr.  i  hr  \\;>)  Itl  wide  shipping  losses  10  I'-hoais 
in  Mas  l!H.‘I  flrtii  aset!  n>  'Ml  ships  n|  L'ha.OlH^  «*i oss 
Ions.  ()id\  I  I  sh ips  wt-i  e  sunk  iii  du  \oi  1  hw*t  si  \i 
lam  it  \rt  a  w liil.r  di\t  isionai  \  l  l.nais  sank  la  ships 
in  dn  l  int  inwii  and  Snmlieasi  \i|andt  Ait  as. 

I  lit  inosi  1  ml.  1  hit*  1 1  mi  in  t  nl  dir  opt  1  a  I  mils  tint  inw 
M;a  was  lln  muxtss  f >1  nm  ollrnsiu*  ai»ainsi  du* 
1  lioajs.  I  In  mi  ml  ;i  i  I  r  1  ji  ;.i  i  s  sunk  dm  ini»  die 
n  nm  di  1 »  a:  lift  I  a  )  t  <  old  1 1i4.il  ol  I  i .  a  In  ms!  1  w  ire  l  lie 
pn  \  ions  I114I1.  wid.  "*S  nl  1  hr  sinkings  o<<  in  1 1114  in 
dn  Adaniit.  \  r  tmil  nnnihei  t.»l  I ’>  wen  sunk  in 
dn  \mdiwisi  \  i  1 . 1 1 1 1  i  <  \r<  .1  and  dn  m.miljri  sunk 

m  ijn  l.»n\  if\  Uix.iA  a  Iso  1  <  at  iirtj  a  1  it-w  h  i^ll  t)(  II. 
'd»t  M  t  ha*.«  d  ailtiah  aitnliUlrtl  I'M  oxer  hall  lilt 
(  hnals  sunk  dm  i  1 1  l;  1  hr  moil  d  1  w  h  ilr  t  a  i.i  it  1  based 
.iis<  1 .  i  f  1  pat  i  it -i  pa  it  d  in  liner  nl  die  an  at  ks  in  w  hie  Ti 
‘In  t  Ih’j.m  w  as  1 1  in  sit  lei  1 1|  1  o  have  hern  •'link. 

I  »\  du- 1  in  1 « > I  \ f  a  v  it  him  leal  I  ha!  du  l  l/oai s  had 
ht  t  n  dttjsi\t!t  In  alt  n  as  iin  nrmlx-j  ai  sea  in  ihr 
\: hint  it  dmppt  d  lo.ilmut  w  iih  no  small  pinpni- 
dini  «i!  ihr  1  taint  1  ion  due  |o  sinkings  n I  (  Imai  s.  I  lie 
[  -1 :« ),;  1  s  t  ould  no!  alloitl  It)  snf.lt  1  (ht*  Iteavv  Jtissrs 
<  \pt  1  it  in  t  d  m  Max  and  dies  ur;e  loit  cd  lo  widt 
(Icuv  Imm  1  he  ha  l !  it  a^ainsl  dir  v  ila  I  \oj  1  h  A  da n  1  it 
t  <  ■  1 1  \  n  \  s .  I  his  was  an  admission  nl  drlr.n  in  iisrli. 

ii  mi  1 1 d  l*t  t loll'd  dial  su pci  ioi  It  adei  sh.ip  ant.  lat 

1  it  s.  1  p  1 11  k  iin  1  ia  I  at  1  ion.  am !  w cl  I  t  north  naird  a!  !at  k 
.mil  dt  It  list  p laved  as  mix  I >  nl  a  pal  l  in  die  de leal  id 
lln  I  I  oals  as  did  t  dim  t  nil  aiinn  n\  lours  a  I  the  dr 
t  isiv  e  pi  tin  l  s  and  w  t  a  poll  si  1  pel  it  >1 1 1  v . 

1 5  v  |  mu  !!)!.»  die  l  -hnals  had  nined  llom  d»e 
main  hail  It  In  Itl  ol  die  \niih  Ailanlit  tonvov  rniiies 
and  a  1 1  MiMtlei  aide  liiunln  r  had  moved  init>  dir 
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ns 

V/i >l'cs  Area.  oulside  silt-  i  ;i « •!  iSliHC  an 

(  rail.  As  a  hmiJi.  (line  was  an  iniei  im  phase  lor  the 
l’  hoais  ;iiu(  llirv  were  ahie  in  sink  onlv  VP  ships  ni 
j»ross  le.’is  ilur'Mi*  l  he  Jiiniiili.  tile  smallest 
.1  moil  I II  nl  si  upping  sunk  h\  l  I »« »:i !  ^  si  me  \o\cmhcr 
id!!.  Nni  a  si!i;_-h  snip  u.is  sunk  in  i i k •  .\m  iliuesi 
Allan!  i<  \rea  dm  in"  june  ami  onlx  seven  ships  une 
simk  h\  l  Imais  ill  |  he  whole  \llanln  ‘seven  ships 
v.ei  e  sunk  in  llie  imlian  Ocean  and  si\  in  die 
Medilen  anean. 

I  lie  oileiisive  against  llie  1  lm.ifs  imilimied 
1  hi  million  I  J  line,  lull  as  l  he  oppnj  |  mi  ii  ies  in  a  I  lac  k 

I  hoais  Wcie  laid  dm  in  iheii  i  eciispnsii  inn .  nnl\ 

Id  well-  sunk  lllll  ill'*,  ihe  !U«»!!!h  \  !!  f  i  all  (onliiUlrcl 

in  pla\  an  mi  Mamliiw  pai  i .  sink:n”  hii  (  hna.is.  M\o 
l>\  <  ai  l  ill  based  aii  <  i  all  limn  i  li<  -  l  SS  m  ii 

"ions  uhelc  [lie  I  Imais  ll:-ou"hi  ihev  ucnild  he  sale 

I I  m  ii  sjjoi  e  I  >ased  a  m  i  j  a  If .  .1  he  Lh;t  1  1*  m  m  I  ( .  1 1  u  i  p  let  I 
In  I  IMS  Shn  sink  i  In  it  l  hoais  ihn  i  m;  iIk 
month  and  ele.illv  dcnioitstr.ilcd  ihai  a  veil  named 
:.s<  »>|  I  nump  (.nil  id  deal  rllttlivciv  villi  a  l  ima!. 
On  |  in  if  ‘J.  i  his  t  sun  i  n  m  >  1 1  p  nude  mniaci  niih 
(  JOJ.  I  uelve  dc  pill  t  Ii.iilm  au.it  ks  »ve]e  m.nh  u  ill) 
mil  pnsil  i\ <  i-\  idi  m  c  c>j  sui  ;  c  e..  ,n||  ‘n  a>  <  it  i  i tied  in 
linnt  llle’l  hual  innil  i I *.  haireiits  iwir  i\Jiaiisicd 
and  il  had  |n  sui  l.n  e.  Oik  'hip  mainiainc  d  mm;ii  l 
while  I  he  1  ema  f  lie  I<  i  Im  nit  d  a  1 1 1 .  u  <  p.n  i  nl.  I  )<  spin 
e\  ei  \  ni.i iieim  i  and  ,n  i  i/u  «-.  im  hiding  (In  1 1  !»  as*-  . »} 

I  !l  S I  >  I  s.  i  he  (  I h »a  l  iv  ,is  <  mu pr  I  It  1 1  1 1 »  si n  i  at «  a  f  1 1  • 

i  nil  I  at  I  ll.lt  I  In  i  Ii  l.i  n  1 1  !\  In  Id  Jmi  |  |  I  |  j<  >ti  i  n.  h!n  u.ts 
hiiliif  « I  i .  1 1 I  v  a  h  at  kr  1 1  h\  i  ii  if>  i »  a  m  |  1 1  ri  a  I  i,il; 

tinned  ship.  Oil  j  line  *J  I .  I  ill  dm  I  I  sf  1 1|  I  (  .1  nil  j  I.  .It  I 
ill"  as  a  Milkin'-  hint-  in  t  nop.  i  ;tl  i»tu  w  il  Ii  iiniall 
eii'^aut  d  in  iht'.  15a*  nlh  j)s‘i w  .  tlis]in’\ri|  inii  m«*rt 
('  hnai  v  in  i  lit  <p.if*  nl  !>  ht.niis. 

As  the  jyi  i  i»  it  I  th.stij.  n  was  app.ut  nl  lli.ii  tin 
I  I  it  ti  1 1  s  li.nl  hec  n  t!t«isi\tl\  tkle.iltd  in  lh<-  h.illle 
Ji*aii!sl  the  ,\  *  it  lli  \llaniit  tnm.ns.  i  in  \  j|  it  s.  had 
meanwhile  lak«  n  tic-  iniu.mvt;  ami  jniMi  d  h.uth  in 
llli:  .'Ipploac  Ill’s  In  lilt  I»ax  nl  llisca\.  ihmicdi  whirl? 
all  I  hn.Us  inii.sf  pass  to  and  limn  iht  i)  hast  s. 

COI  N TKKMKASrRF.S  AO  Mil 
L'-liOA  T 

Convoys 

i  hen  wricnnlv  a  le\\  mimi*  chalices  i i i  llie  cm 
\o\  svslcui  din  i 1 114  i his  pel  ind.  I  lie  landings  in  \m  ill 
Aliiia  in  Xowmhri  Idl'd  lesidud  in  dir  It  mpman 


suspension  nl  sailings  nl  i  lie  Sici  i  ;i  1  .emir  and  <  >i  hi  a  I 
lar  ( (iiniin  lor  srvri  a  I  mnni  lis  due  in  lai  k  (*!  cm  oris. 
Sit* >1 1 1 \  ah-.}  i  lii  -''  hi l id.* :154s  new  minms  wei  e  si  :n  let  1 
hciveei)  1  h e  l  imed  Siaies  and  0 it  Medilri  1  anean 
idedipiaied  IT  ami  (.[1  m  sup<>|\  Allied  !*•:•.  es  in 
\oi  ill  \hi<a.  Iht  \  .  S.  Ooasial  Comm  Msicm  was 
e\  1  ended  in  lha/il  in  Deceinlici  lhl'2  l“llouinja  in¬ 
ti  east  d  l  ’  l.-n.n  at  1  i  \  il  \  in  dial  ai  ea. 

liirie  weie.  Iiowevei,  a  luilidui  nl  e\lensi\(- 
changes  m  lit*-  iomin<>of  indi-pemleni  shipping.  Ai 
iln  ht  “{'Uiiiic  o|  liiis  pel  «od,  ihe  Allies  Were  Initetl, 
In  a  1  oik  enl) ai  inn  n!  I  -hoais  l.»eiween  \aial  and 
Da  kill  In  disc  n|]  I  iinie  llie  loille  In  llie  Red  Sea  and 
India  \  ia  {in-  Mia m  u  and  1  In*  ( .ape  oi  \  ,nod  I  lope, 
shipping  was  inslead  loun-d  via  ihe  Panama  (ianal 
and  (iapt  limn  m  Oapeloiwi.  Ifoueui.  aliei  (lie 
1  hi  iais  had  siai  led  o pel  a  1  ions  i  r  >  Im  i  e  iirou  1  m  I  ( ia  pc 
loiui.  1  he  hulk  til  die  Indian  Oi  t  an  1 1  iilhc  was  mined 
nan  spat  ilu  limn  ISaihua  south  nl  New  /calami  to 
I- 1  email  1  It  Im  ouwaid  miililu*  m  desiinaiion.  I  his 
mule  lluml^ii  ilu  Smilli  Pat  ifi(  pioxed  eiiluelv  sale. 
I  lit  ir  I i :  1  \ *  heeu  insses  in  die  Indian  Ocean  title  In 
1 .1  idt  1  s  and  I  Imais  Inn .  in  c;euei  a  j.  1  his  1 1  anspat  ifu 
ionic  was  so  sue ci  sslul  that  ii  was  mainia ined  mil  il 
1  he  Midi  1  ei  i  .mean  uas  c  Misidci ed  open  in  J n I \  P.)  Pi. 
H  j.mi  he  seen  1 }  1 : 1 1  ilu  it  was  a  1  t.msid.  lahle  *»ain  in 
t  Ih-r  I  iw  sJlipjdni;  I  llie  n »  I  III  Use  til  ilu-shoii  Medi 
i*  i  la  !!■  an  imiir  insp  ;u|  n|  iln-  Imi^  <  ii  t  uiun  is  )  nnlt 
•  u  mss  1  In  Pa<  iht  . 

I  hn  iu“  dii-.  pc  i  i.»d  iht  main  eiin)  is  ot  iln  l  hoais 
vt  it  t  ot>:  t  in  1  an d  against  (omincl  shipping,  in  pai 
III  id. II  amlinsl  /.he  \nlih  \  I  l.ini  it  I  Ulde  (inilMAs 
. (  )  \  O  \  s.  1 1  \ .  ami  S( . I  hc.-pmj  mi  1 101 1  ol  1  mm  aye 
sunk  l»\  I  lii mi  v  v.  hie  h  t\  as  in  t  nit \  nv  u  hen  Mink,  ill 
t  it  ast  if  I  mm  a  haul  .!U  p<  1  1 1  in  dm  in"  llie  Iasi  iln  re 
months  nl  i:HJ  m  n7  j»e»  u  ni  in  Maitii  !!).!.!>  and 
lilt  II  til  <  ipj  )t/»  I  li.1t  k  In  alien  1 1  _  r  pn  tel)!  in  June*  I!)  id 
. iln  1  iht  l  hnais  had  uilhdiauii  limn  die  Non): 
\  l  Ian  I  it  tnn\n\  I'm  ties.  \hu(ii  7-P  ships  sailed 
mmiihh  in  die  Nordi  \  1  i .  1 1 1 1 1  *  I  iade  (’.onvovs  and 
a  I »oii!  L’l  ol  diesf  ships  v  tie  sunk  monihlv  hv 
(  Im  a  1  s.  so  dial  1  lit  loss  1  an-  u.is  a  I  it  rut  d  pc  j  <  t-m  pet 
t  1  oss in*;.  I  Ins  Inss  1  ale  K  ill  lied  a  pea  k  nl  .1  hull  I  a  pel 
ttni  in  Malt  h  Id!.;.  P>\  (inn  Ifl  ]  '»  ihe  1'  hnji  1  s  had 
hci  ii  loi  c  cd  m  \\  il  I  uli  au  and.  S*»0  sh  i ps  a 1 1  f\  r<  I  siilelv 
;;i  i!n  M-  ttiifv.-jv  -  wiliimti  111!  liiss  nl  a  -.iii” le  ship  It) 
llie  l  lx  1a | s. 

Ilu  si  l  ale"  v  n!  llie  l  -hnjlsin  dteil  l);illlt  iiiuiinsi 
iht  \n»lh  \iiaiili(  wmu\s  u,h  m  m.imlaiii  paiinls 
m  pnsjimns  designed  to  lirnl  ouwns  ai  a  liuie  when 
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l  hex  were  ;) hi  mi  l<>  leaxe  the  pi  diet  1  inn  r » i  ail  e  oxer, 
ami  ii  was  in  diis  «np  that  the  l  boats  stoieei  ihcit 
"leases!  sit.- .  i  |  licit-  wi  i  c  sin  ct  mam  l  ’  I  »* »:  *  t  loi  ma 
i ioils  loi  ai i.ii  ks  on  < on\ o\ name  lx  ( I }  Pal : oi  line, 
■  L!i  Ixi'i  Oil  ii.iit'kliiU  i-  mm'c|  >.  ami  (.')  i  \iiatk  b»  mat  !**??. 
In  !  lie  In  si .  I  boats  « 1 1 >  to  | >t  i  haps  Pa  id  iiumln-r  an- 
spi  c.ui  allot  M  Pi)  miles  a  pail  on  a  "i\  en  I  me  o|  be-ai  ill" 
at  loss  *  Ii;- 1  iiii\ u\  ionics.  I-.at  h  l'  lioai  patrols  at  slow 
speed  on  cillicl  side  oi  and  a l  i  i"h(  angles  lo  i  lie  I  me. 
imi  liiiila  i  than  li.di  an  hour's  run  from  ii.  II 

llu  I  l:oni  sights  a  eonxox  she  rmisi  K  poi  t  it  in 
\dnmai.  I  Imats.  who  passes  die  signal  to  the  otliei 
l  boats  in  die  line  Ihis  Ratiol  line  lonnation  is  a 
pool  1 1  oin  whit  h  i;i  oups  of  l  boats  max  bed:  lailud 
lot  alix  “  i  \  eh  <ln  I  \ .  mic  It  ns  an  al  lac  k  on  a  <  on\  ox  « »i  .« 
Is  et  omia  issam  e  sweep  oi  an  ait  a  d)ioii"h  which  a 

<  fijixtix  is  e\ pet  led  t  - j  pass. 

J  ot  tlu-  Re  <  on naissaiu  i  swt  i  1 1  h n  inai  um.  \dui i:  al. 
I  I  ;oa  is.  siyjia  K  i  lie!  nn  ils  o|‘  dual  ta  i  o  be  sue  pt ,  the 
lime  at  which  the  sxxti  p  is  to  stall,  and  the  I  boats 
Xxliieh  ale  to  take  pan  I  hr  I’  bnals  <u  dried  to  the 
at  t  a.  tin  limiis  «>l  w  Inc  1 1  max  be  I  *i0  mile  s  apai  i.  pin 
c  *  ed  at  a  spe  c  <1  i>|  about  In  knots  on  pa i  .die  I  minsrs 
and  spit  ad  about  _'>  mile  >  apai  I.  \\  hen  one  ol  die 
l  boa t s  has  t  s| a b|  is|n  d  l he  | msi i  io| i  ol  !  !f<  t  oiis o\  .  a 
l*i  i  »i  i  p  o|  l  -boat  s  ai-c  Miilo.  i!  lx  \  e  1 1 1 1  i  i ;  1 1 .  I  *  1  ma  is.  to 
take  up  anall.u  I  loimalioi  I  In  m  I  boats  max  he 
l<  i)  lilt  1 1  up  iiiio  a  stimtiieie  aioiuni  du  line  "I  ap 
pro.n  h  ol  (In  mimxux.  ()iur  die  mdei  to  aliae  k  is 
”  i  \  <  ii.  ihi  I  c  is  in  mu  b  l  h  iin*  as  i  ooi  1 1 1  nali  d  .u  i  ion 
!)(  I  l\i  rll  llii  (  -!..  i.i  S  s.  i  !  i  •  I  i  i  -.4 1  i  i  hi  X  in.cX  k<  1  p  II*  I  < » 1 1  i  ll 

x\  il  h  c  at  h  odn  V  bx*  1  aelio.  Jai  It  l  ‘boat  ail.  11  ks  :u  its 
(list  it  1  ion.  ).  hr  (.  Inrals  c  mil  mm  i.ludr  aii.uks  mud 
oieh.ieil  h\  .VilnuiaJ.  I  bnals.  h»  bic.ik  oli. 

\ n  analx'is  ol  aiiat  k-»  l<x  I  boats  mi  die  ,\«>t  di 
\  I  la  11 1  it  e  t  »M  \  e »'  s  a !  a!*»u’l  ihi  lit  ;o  111 1  i  u"  ol  ibis  pc 
>><nl  jndieaiit!  di  it  admit  7,}  pel  eeuJ  oi  tin  at 

It  iiiplt  d  a!  I.;n  l-.s  \-.i  ]  <  }  j  lit  1  ah  1 1  b\  l!n  «  si  oils.  About 
two  ships  writ  {01  pt  '!m  d  in  rath  MUiesshd  . oi.it  k 
In  otdx  aboul  It. ill  tin  MUcisdnl  attack-,  did  tin 
I  ‘  boa  I  cm  a  pt  dt  t<  e  !  ion.  K.uia;  w  as  1 1  spotisi  ble  I  m 
tjime  than  hall  1  lit  easts  in  width  the  i  'mat  was 
eh  n  e  ted. 

At  refill 

iin  -  pi  dual  x  I  mu  don  o  I  ail  e  1  a  1 1  in  l  In'  dt  it  use  ol 
nmxoxs  was  tlu  poxeiitioi,  (>l  tin  "adnabi"  ol 
I  boa  I  paf  I.  s  e  .1  p.d  ile  » il  mak  111*4  desl  11  u  l  i  ve  .1 1  tae  ks. 

1  It  is  in iu  !  ion  is  a<  <  onipli  died  in  1  wo  waxs.  ]•  it  si .  as  a 


pack  is  «a  thel'iii”  on  a  nailed  and  re  pm  ted  eonxox, 
piole  e  1  i\c  sweeps  lai  ahead  and  in  the  Hanks  ol  the 
eonxox  enable  air*  tall  to  make  killing  and  dania»ini> 
ai  uuks  or  al  least  In  lone  i  bnals  I*)  icinain  sub- 
mei  ju  ei  al  slow  speed  suilu  lent  lx  loiii»  to  delax  die 
lot  mat  ion  ol  a:i  eifet  1  ixr  pae  k.  Second.  di!  on<>h  !•  eep- 
i no  die  11  ailid"  l '-boats,  on  which  die  odu-is  are 
lioiiiit!".  Minim  1  "ed.  a  ii  e  1  a  i  l  can  iuc-ak  the  rnelil  \  *s 
contact,  euabliiii*  tin-  cniiuix  to  escape  l>\  a  change 
oi  com  sc. 

V\  hat  the  I  S.  \a\  \  needed  in  late  10  Hi  was  more 
lone  )  aiii>c  bonibel  <o\ria"r.  I  Ile  l’  .S.  A)  m\  was 
ansious  to  help  and  m  i  op  1  In-  !m  ,\ m i-Submai  isse 
\  1  ■  1 1  x  \it  ( imiinia  iid  111  ( )c  lobci  I  Dili.  I  his  was  :,u 
cAp.ni'ion  ol  the-  Im  bomber  (ionimand.  I 'wo  anii- 
Mibtnai  ine  sc piadl  nils  wei  e  sc  ut  in  I  .njdaiul  in  1  )e 
icndici  I'.Hlh  K.i  1 1 \  in  lebiuan  l!M.‘»  thev  opeiatcci 
in  the  b.ix  ol  biseax  and  in  Match  I01M  tin-  two 
scjuadioiis  weir  01  deled  10  Roil  Lxautex,  Monaco, 
xxluir  1  In  \  weie  in  help  the  I  ’.  S.  \axx  pintecl  the 
Met  I  ile  1  lane -an  Appioae  lies.  I » v  die  end  ol  this  pel  iod 
two  nt lu  1  L*.  S.  Minx  scjiiachoiis  had  been  sent  in 
1  11'!  lain  I  while  two  (  .  S.  \a\x  sepiadi  nils  wear  Opel  • 
aiiiu*  bom  Iceland  undei  Coastal  fioimnancl. 

M  he  n  d»<  l  boats  stai  led  :«siii"  ( »SR  at  die  be-"in- 
uni"  ol.  ilits  ptii.xl  in  ( )c  (obc-i  Idlli  the  need  Im 
ui  u  1  ow.ix  i-  t  a  da  1  bt  (  aiilc;  mm  e.  mp-iil .  As  a  stoj » t^ap 
I  i  I  )  M  s  I  mill's  \,(  1 1  e  l  ash- built  a  I  a  I  .  S.  laboiaiOl  \ 
.uuliiishttl  into  lb  il  isl  1  set  x  ii  C.  lix  the  end  ol  l!)Ili 
tin  1  .  V  \axx  s  W  M’Sli  ;  \S(,|  ladai  (S  band) 
x\as  c  ouu'ii"  itdo  set  \  ic  f  .  I  in-  I  .  S,  A  mix  ec.jn  i\  aieiil 

w as  1  In  M  R  1 1  7. 

I  In  Ills?  cilcct  of  the  lMModiK  I  ion  of  C»SR  was  a 
shat  p  icchuiioi:  in  die  t i!«  ?  !  i'tem  ss  o|  the:  anci:;!: 
tiiit  nsixt  in  1  he  l»ax  oi  biseax.  I  he  i.  bo.tls  could 
d«  let  1  i.idai  lniefi  ait'ciafi  tai«"es  xxliifh  allowed 
du  in  am  j  lie;  1  i  me  to  dix  e  am!  the  mini  In  r  ol  si.t»h  1  iuj»s 
and  attacks  on  l "boats  dropped  shaiph.  Mils  lull’ 
lash -t  I  1  in  mi" b  | am  1. 11  x  M)  I ( )nl\  fmir  si" bl  inds  per 
IU(ID  iioms  on  |  »;i  f  1  *•»!  wen-  made'  dm  in"  tin’s  Join  - 
iliofilh  pel  iod.  a\  foinpaied  to  nine  din  ill"  die  )  .*  1  c  *  - 
x  imi  s  h  11  u  -  mm  1 1 1 1  pei  iod.  vx  lie'll  l  lie  11  in  11  bet  ol  I  boa  I 
liansiis  was  a<  lu.dlx  sinallc  1  I  In-  scare  Ii  ircvixci  loi 
Mat  k  1 1  \ S\  enabled  tlu-  l  boats  lo  make  sale  nii» In 
passages  ac  1  osS  die  ba\  and  Olilx  I pel  f  "111  of  die 
Il  a  Usit.s  wc  i  e  si"  lit  eel.  \o  I  boa  l  is  oiisiclel  ed  to  have 
been  Mink  bx  am  of  die  attac  ks  made  in  (he  iiax  iliir- 
ih"  1  liis  period. 

I  Ids  si  1 1  ta  1  ion  was  c  .handed  bx  du  tmiocluc  1  ion  ol 
Mask  ll:  \S\  ( S  ha  ncl)  *  ’U  \liied  ain  1  all  in  l-elau- 
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.il\  and  Mai  t  ll  IPl.’k  1  Ills,  mi  n|ul;tU‘<!  i»n  a  nr.i<  h 
shorter  u;i\  rlrn*;l  li  (HI  cm)  .mil  could  noi  be  <  It 
1 1 “«  if (I  I » v  the  R  (iOO  <  »SR.  I  hr  pi  open  i  ion  nl  a  ii  c  t  a!  I 
approaches  uiidciettrd  h\  (  boats  iom  am!  (imsc 
(jiM-nltv  (he  si”liliii”s  and  ai  lacks  he”  an  a  Mead\  in 
•  lease.  !  his  peiiod  o!  im  leased  prodm  ( iv  n \  m  t i i - ■ 
l»a\  ollritsive  lasted  iliiou”!)  jni\  SfH.'J.  \hom 
hi  mi  )  s  \uie  (low :  i  umuihlv  dm  ini;  this  b  month  i»e 
l  iod  with  ahom  hi  si”htiii”s  and  »  <t i i ; i c  made 
lliocmiv.  Aiioiti  L\e  i  hoais  weie  sunk  *mcuimi!\  ,e*  .1 
result  oi  I  h  is  oil en si \  e.  I  he  a\  c  1  a”t  1 1 1 1 1 1 1 1 u  1  o!  si  du 
iitj;s  pn  10(10  hold  s  on  pal  1  o!  jumped  l <  >  II  and  .1 1  m mi 
1)0  pel  ier.1  o!  .d!  Itafisils  \u  ic  sighted  din  in-  1  his 
p«  .  md. 

I  lie  (.eimau  lli«*h  C.oinniaiid  had  im  idea  as  to 
what  caused  this  lni”t  im  h  .im  m  si”  Ininas  and  ai 
lacks  and  afiei  immm”  iuio  sexeial  hlnul  allevs  in 
attempt  ill”  to  sn}\ <  1  ht  pi  ohh  m.  t  Ik  v  \wn  loin  cl  to 
make  a  iininhii  ol  changes  in  l  hoal  tactics.  I  lie 
fust  step  was  [he  sti eiiip hen i m»  < > I  the  a  1 1 1  i .  1  i  1  <  1 . 1 1 1 
«il  1  liana  lit  nl  (  hoais.  I  hw  devc  lopmeul  in  si  bet  ante 
a  ]  >p.  1  iti  1 1  in  \pi  il  1*11?  w  hen  on  a  mini  hi  1  nl  on.i 
Molls  (  hoais.  sighted  In  ailciall.  slaved  on  till-  Mil 
iate  and  loui»ln  hack  nsinv.  tlnii  am  iaii  1  rah.  *41  ms. 
\  It  (inn.- 1 1  a  n  1 1 1  n hi  1  o]  .1111  1:111  w*l  e  Insl  as  a  it  sii  1 1 
ol  this  11  least  lie.  it  did  pi  ovule  a  in  tali  w  i  1  It  a  nine  h 
I  a  1  lm  !  prupoiiiuii  «»l  sinlacccl  Unfits  and  incoascd 
then  i.  It.uii  (-<>  nl  Miikm^  a  !  -boat.  i  nui  !  hoais  that 
slaved  up  and  lnu”hi  hack  wetesunk  in  \  pi  >  1  and 
nine  sm  1 1  1  boats  wc  le  sunk  in  Mav. 

I)mins4  1  lie"  Sj.ii  im*  oi  Id  11.  die  ni”ht  llv  ii:^  W  *  I 
limpolis.  iijiiippcci  will)  I  <  i”h  l.i-his  and  Vl.n’k  III 
\s\  .  made  nivhi  suilaiiie-  in  the  Ikiv  so.  Iia/ai chnis 
h  >1  I  ht  (  ho. Us  I  li.it  (lit  v  th. tilled  tin  il  polirvloolic 
ol  siiii.nin'j  in  i  I  it  clavuni'-  l«i  1  la.i  1  h.unries  and 
Min  w  ihc.u  aii  siippis .  |  Ins.  111  min,  piudtucd  the 
pc,  nod  ol  *41  c  ale  si  pmdiic  1 1  v  !l.\  in  I  hi:  c  a  ii  1  pa  j”ii  cl  in 
j:i»;  .Mas,  |un«.  and  |  ills  i‘»|  wuh  lie.  icsuil.  ih.ai 
duiin-  tin  Iasi  iwo  ol  dicse  nionlhs  even  l  -boat 
liansir  was  si«'lu»  d  tjnee  on  llie  .ivci.en  \ 1 . 1  v  i,l|;» 
was  a  (icoid  uioiilh  loi  (.oast  a  I  C.oinniaiid  .nit  tall 
wish  tin  sc|iiach c riis  m  ihe  l  oiled  Kingdom.  Iceland, 
and  (lihialiai  ;ii  rmiiit  iut*  loi  'J.  i  >  s  i*»  h !  iri:*s  a  ud  I  ill* 
attacks.  17  ol  which  nr  cunsidrird  to  have  lieen 
lit  ha  I,  ( )i)c.»|  1  he  (  boats  sunk  in  M,i\  vs  as  1  In-  \  ic  1  ini 
ol  ! hi  !.;  t  .it L  i::M  !  !«••.!'-  !!»»v  ,c..,L 

was  made  lev  a  Swoi  dhsh  ailciall. 

I  In  nc  si  inclic  al  ion  ol  a  change  in  l  I  mat  lac  tics 
was  the  si”  hi  in;;  <»l  (i\e  l  hoais  makiii”  the  tiaiisii 
ol  llie  liav  in  companv  on  jcnie  id.  Iiom  I  inn  011 
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wauls  niosl  nl  the  ('  hoais  sighted  weie  in  packs  o< 
horn  I  liter  lo  live.  A  1 1  hoii”h  I  his  <  bailee  should  ha  vi¬ 
no  rjhc  1  on  1  he  n  11111  her  oi  1  hoais  sighted,  the  t linn 
Ik  I  aiiac  ked  will  he  less  as  eac  h  ail  c  1  all  mn  noimaii  v 
01 1 1  v  a  l  lac  k  01  ie  {  -  boa  I .  i  h  is  rilef  I  a  p  pea  u  cl  in  Imw 
when  I  heir  wile  hd  si”hl'li”s  in  the  liav  hut  nidi  ‘dH 
ati.ic  ks.  !  lie  of  hr  t  aih  a  1  liases  oi  this  <  lian^e,  lor  the 
l  I  km  is.  aii  1  ha!  1 1  iev  wjjj  have  a  he  tin  chance  o! 
see  ill”  aiuiall.  lliex  will  have  much  sirom»ei  anti 
a  U  1  I  a  it  lire  sii  ppc  jj  i .  a  j  id  ii  W  n  i  he-  t  Usii  i'  i  ■  ;  j  jj  c  M  ic  !< 
lii* Inc-1  piouciion  loi  l hem.  Mlmiiallv  leaded  ini 
me  dialc  Ii  1 1 1  ibis  tm-asme  In  seiidni”  stulace  cialt 
hin:!  in”  ”ioups  into  the-  l>av  locoopitate  with  ai) 

S  ;  j(  J.;  j  .  ;  j  j  ;  .  ^  =,  .>  \  .  {  j  ;j|  j  ..  ,  ,  ...  W  j  1  |  |  j  (  '  St| )  (  !(  C 

cialt  a)  I  i\e  at  t  lie  sc  c  ue  o I  I  lie  at  lac  k  cjn  ic  k  I  \  enough. 

i  a  I  I’  boats  will  he  pinned  down  and  i  hr  seal  (  Ii 
should  he  easiei .  Ibis  <  oun  le!  measm  e  icsuhed  in 
two  c>[  tin-  (  -hoal  k  i  1 1^  made  In  llie  Second  I'.sfoi  I 
hioup  in  |nnc.  In  addition.  Mosquito  fi^hieis  weie 
sent  i  nlo  l  he  liav  in  J  line  to  npn  a  le  at;a  ii  1st  ( ic  nuan 
ail  1 1  a  1 1  i  o\c  i  in”  I  he  l  hoais. 

Mm  i  a  1 1  Imallv  c  a  me  into  ■  heii  ow  n  as  a  n  oil  r  usi\  e 
Jiowet  dui  ill”  this  peiiod.  |  he  da  loot  depth  sell  ill” 
was  in  i*c  Me  l  a  I  i  nc '  a  ml .  *  spe  i  ia  I  { \  t!i  1 1  n  the  ki  u.’i 
months,  planes  weir  able  Jo  ailack  l  -boats  still  cm 
ii'n  smlace.  \k>ou!  till  aiu  iall  .iliac  ks  weie  made 
iMonthiv  on  I  boats  dm  in”  this  peiiod,  with  ahom 
-*»  j»  i  uni  o(  ii,;-  ail, ic  ks  u  sub  ill”  in  ai  least  some 
damage  ir»  the  1'  hejat.  w  h ilc  i ii  t  i  Ml  pe)  mil  ul  I  lit 
attacks  p>  r  >\  i  d  Ii  l  li.i  1.  in  add  1 1  ion  ailciall  u  t  i  e  used 
to  hoinh  l  boat  basis  and  lav  mines  ilr.it  them. 

I  he -sc  op,  I  a  I  i«  ills  c  |  i.s)'H  a  tc  d  I  he  si;)  v  ic  ill”  lac  ii.M  ii  ,s  a  I 
the  bases  and  incu.isc-d  ‘he  l  m  nai  niimt  hiik  nl 
l  -hoais  i  »ps  i  ;;t  ni”  Ii  oil)  these  i  lases. 

S<  ictu  ific  and  Tecimirnl 

I  he  main  sc  ient  ifu  ha i  ijc*  during  this  period  mu 
dtnied  to  center  about  )adai.  \s  wv  have  seen,  the 
Mi  lo\  R  t»()0  (iSlv  w  ;is  able  to  delect  Allie  d  mete) 
wave  i  ad. n.  I  Ik  \  I  lie  cl  Connie  i  in.  a.siuc  lo  <  iSR  wan 
the  i  lilt  odtii  l  ion  ol  si  mil  wave  i  S  hand  lb  c  in')  i  a  da  t 
■  i  he  1 1 1 1  Ichitiaiv  MILS.  I  It  is  w as  made  possible  hv  the.* 
Ihiiish  i in enf ion  ol  she  snapped  mil” ne  t ) on  in  the 
spi  ili”  ol  l!MU  w  hie  h  enabled  stbilc  ic  lit  power  to  he 
p),,diuid  lf»  m.4i  Us<-  cil  l  he  sbiii  tii  u  ivclni'illii. 
pi  ac  l  m  al.  I  he  Melos  (.SR  w  as  p;u  l  ic  u  I ;  1 1  Iv  miMiiled 
to  elite,  tin”  these  she  >11  u  a\ eleli”  I  II  lada!  tlailsiuis- 
s  ions  and  the  mini  he -re  if  ail  c  1  ah  atm  ks  on  l  -boats 
inc  leased  shai  plv .  I  he  ( ,ei  mails  had  no  idea  oi  wllal 
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siuvia  oi  him  i  is 


n 


was  causin';  she  iiouhh  .iiid.  susprc  l  in**  mi|k  t 
moiiii I:ii ion.  dies  luted  ( hSR  m-is  wich  a  \  i'miuI  liming 
did  it  a  lor  ol  tin-  Mai;  it  K\r  i  \  i  if.  \s  1  his  <  I  it  I  u  <>  l  prove 
lo  ill-  tit  ;m\  iirij)  iht  \  c\|MOlcd  milt  r  I ) ! 1 1 1<  1  ullcvs. 
siin| k*{  i in”  inh nit  d  ilrU  t  ii»iii  t>i  inii  i inn irm  ojK  ia 
lion  o|  Kulaj  sets.  »\ ithsui!  hndine.  ass',  solution  dm- 
i i !L‘  l hi*,  pel  iod.  I  lu-  hcs!  i  he  ( .t  imam  multi  <lu  was 
tin-  hfl  in*;  oi  a  |  irt  uia  ut ’in  ( .  SR  an  i.»  L  w  hit  li  t  lit  I  noi 
!•;*»{•  !i:  In*  t  I  i*>SSi?  *U  M  I  t'tl  hrltllr  4 1  i  %  *  1 1”  .  Oil  SOI  ill* 
[  'hoais.  Meanwhile  il  was*  vide  ni  in  M,i\  ami  junr 
|f)|.»  ihal  i  lic'i  was  a  pi  o«»i«*ssi\ t*  It  ssriiiiu;  id  ton 
I uli- iu i*  in  ( ..SR  on  ( .n  ni.in  l  hoais.  Rutku  was  lined 
on  some  l  -hoals,  app.iicndv  piimaiil\  as  an  ollen 
sj\t  win  |  ir  u  i  awn  mm  vhj.jpJno  in  Jou  \jsii>ilii\.  How 
e\ei,  ihciv  was  a  i;ical  1 i  hit  lain  e  lo  um  i.xlai  lot 
leal  of  he  ill*;  (lelet  led  l>\  a  h\  pof  hi  i  it  a  1  Ml  ietl  se.iu  h 
teteixei.  Kadai  drt  o\  lialloons  writ  also  used  bv 
sfsme  l  ‘  !>«»ai'  in  an  aiiemji!  «o  piodut  a  lai«»r  mim 
liel  til  false  l.ji _*;t  Is. 

\  similai  I  at  k  ol  appi  et  lai  ion  oi  i  lie  si  mat  ion  was 
appaieiit  in  i  he  l  ‘  ho.u  \  an  it  ude  low  .ml  III*  1)1*.  \s 
i  he  j»e\\  let  him  pie  o!  mini;  shiplnun*  III  1)1  was 
leal  neil  and  appi  ied.  I  he  siku  m  ■>  I  n  t  a  me  mol  i  h  < 

<  |  tie  ill.  .ilitl  In-  Now  in  lit  r  1*1 11!  I !  1’  1)1  was  at  1 1  jilt  il 
as  an  esselili.il  p.i )  I  “I  the  t  tjuipna  ill  ol  esmi  i  Mali. 

I  he  l  hoais  ox  t  ii  an  tl  ilu  at  <  mat  \  ol  •*! i«  »i «  luv  d 
III’'  I )  I- .  hn  I  lot  a  loir.;  I  mu  1  lies  mult  1 1  al  <  tl.  indt  t  d 

i;;llolt  d.  ihi  tl.ili-’a  I  ol  shiphoi  m  III  1)1  I  Ii  is  was 
1  eltc  t  let  I  ill  I  lit  il  t  olinii  ililtt  al  lo||sA  Vs  1 1  it  1 1  sc 'em#  d  t  •  i 
hr  1 1  ii  id  lit  l<  d  on  I  h<  pi  im  i  pit  l  h.n  i  at  h«>  mIi  nt  t  was 
lo  ht  si  i  it  1 1  \  k  i  ]  >1  mil  1 1  t  oi  1 1  at  >  was  mat  I*,  un  h  iln 
Miiivu'x.  hill  i  oltipji  I*  K  l»  last  1 1  o|t«  »  (U|n.i:l  W.,ts 

made. .  I  ii  oi  In  i  woitl.s.  ihe\  \>eit  alraido!  it \»  aim?; 

I  111  il  t}ispiisiu>>n>l]U!  s.  i  v\  III)  il.lllljo  hum  I  hr  II  ails 

missions  ol  indmdu.d  l  bo,m  om  t  ihr  halllr  was 
j<  titled.  I  >m  in:*  di«  ali.nl  ««n  (  «»n\»»v  M"  IIS  in 
I  ehi  uat  \  I'l  1.5.  h ii  example,  i  lie  I  ho  u v  t  out  cl  lit  tl 
jnatle  JliS  1 1  a i i s j j j i vv ji i j | s  timin'’  -i  pin*  •< I « * !  7Jhou>s. 

Minin"  ihis  period  sevtial  ships  wi  u  s.ixetl  h\ 

\  \  I).  lilt  lot  j  >ei  lot  St  ilht  )  I .t/iil”  Mopped  b\  lilt  Dels 
ol  r\ plotli  1 1'.;  ill  lilt  111.  lilt  Ir  Writ’  si.\  successful 
I  let  l*;rIio”  all.n  ks  dill  ill**  lllis  pt  I  iod  and  il  uppralrd 
dial  l  In  mi  uui  oi  is  e.ii  l\  dill  it  u  Ji  us  w  u  h  i  his  w  ea  poll 
liatl  [jet'll  t>w-|tti|||e  .lilt!  il  was  ht  *;i!!UJU‘*.  it)  show* 
some  si*»ns  of  its  din n  i  i  it  a I  ledi.i ! ii  \ . 

Il  had  ht  omit  appalt-n)  in  If)l-  dial  some  (Irvin- 
was  net  ded  lo  t  uahlr  ailatkili”  ships  hi  mainiain 
toiiiati  w  ii  h  i|t  t  j>  l  boats  lo  slioi  lei  distances.  lo 
Intel  this  need  die  ()  :<  I  l.'lt  hmrni  was  drvrioprd.  Il 
c  t  n  i  si  si  it  [  ol  a  small  n|m-<  iai  soiiai  piojeiioi  o!  lutdi 


hrtjurnts.  ailacJied  lo  die  main  pioje<ioi  he  low  il 
and  I  illetl  dow  n  ahoui  In  .  I  i  ials  tlui  ini;  lllis  pel  it)t| 
iiiditalrc!  dial  *»t>otl  ethtits  toiild  he  ohiainrd  hom 
iai«eis  w  idisn  an  an.nlt of  !  i  hom  die  hoi  i/ouiah 

f  nr  t  \  pt  ntlahlr  latlio  soiio  I  >i  14  >X  was  tlev  t-Jopei  I 
tlui  in;  dii\  pedod  m  t  iiahie  autiaii  lo  maintain 
tomati  wiih  a  Milmn-i“rd  l  hoar  Ii  <ould  hr 
ditjpjjetl  hom  an  aini.di  and  toinainetl  a  Indio 
phone  \\  * i s t  it  would  Jisien  lo  i  hoal  noises  anti  a 
iadio  uansmiliei  width  would  iiammii  ihe  noises 
1  c<  civ  cd  I o  l 1  plant  .  I  ! it*  sei  \  it  e  lift  ol  a  sont i-buo\ 
w  as  a! it  mi  ioi 1 1  hom  v 

v  '  1  Sinkings  of  U-boats 

I  he  ii  inn  hi  ;  of  I  hoais  sunk  o>  ]  >i  r  >  i  >:<  I » I  \  sunk 
din  mil;  iIiis  ernical  pri  iod  a \ clawed  ahoui  If)  a 
mi’iiili.  1 1 i !  I  i 1 1 “  a  peak  id  i  I  in  Max  IfM.'h  I  lit  lola! 
iiUiiihej  sunk  duiini;  lllis  pet  iod  was  IbX.  moic  dial) 
i  w  it  r  hn  immhri  sunk  in  am  pirvious  pt  j  iod.  OI 
diese.  RJ.X  woe  ( .<  i  ma  n.  I  <S  I  ?;i  I  ian,  !  X  j apanrsr,  and 
loin  wen  \  it  In  ?*  i  rut  li. 

I  hen  wi  n  I  I’*  I  I -oa is  sunk  in  I  hr  Adam  it  dm  - 
inn  diis  pel  iod.  h>  of  iht  s<  in  die  \oidiwesi  Adam  it 
\o.i  anti  LTi  iu  dir  !*r.  o!  liistav.  Iheie  uric  .17 
I.  hoais  sunk  ni  die  Mt  tl  i ici  i  aiit-an.  I  »  dmini*  No 
w  diIh  i  l‘)  l:_\  lilt  in#  in  l  h  ol  die  Noi  di  Mntanlant! 
niA-  I  ht  I*  Jap. mist  (’  boats  Wt  ie  all  sunk  in  die 
Rat  iht  . 

!  hi-*  Was  Mu-  In  si  pt.iiod-ol  ihe  wai  in  width  air- 
Mali  Wilt  llir  lead  ill”  killers  of  {  hoais.  sink  in*;  7)» 
I.  hn.us  «  l*»  j.'t  i  tt  ni.  ol  flu  (ol.ili  -aloiir  and  auodir) 

I  n  .  i)  j  »i  •  i  (i  uli  in  1 1  tops  :  a!  ion  w  idi  wn  fat  e  1 1  a  1 1 .  fen 
ol  i  i  n  sc  Sh  sin  t  a  f  ni  ant  i .  j  J  i  a  i  lacks  in  w>|  \  ed  i  a  I  i  it  i  • 
!)-.i>cc|  :r  1 1 1 1 . 1 1  ( .  Mii|>s  awoiuihd  lot  *>f)  I-  hoais  /a.*j 
p<  i  i.  <  u )  •  .mtl  .sidsmas  iin-s  ha  I  V  ;  !  1)  per  >  cm  j. 

Iht  t|ualii\  ol  sin  lac  e  t  i  all  a  I  la<  ks  <  oiil  imied  lo 
nnpiow-.  \  he  > ;  i !  hUaiiatks  uric  iii.mIi-  iimndil'  on 
I  -ho.il*.  in  die  \  r  1. 1 1 1 1  it  and  Met!  in  a  i  a  i  ica  u  anti 
ahoui  U'i  pi  i  c  c  ni  ol  i  ’it  sc  sin  hit  r  (  i  a  1 1  a  1  lilt  ks  i  e 
si  i  i  It  d  in  ,i  I  Ira  si  some  <  km  ia*;r  in  llie  I  Jana  Is.  while 
Mi  p<  i  c  c  in  c > |  i  hest;  al  la.  ks  i  c  sidlt  tl  in  I  lie  sink  ini;  t d 
l  lie  I'  hoa l . 

SI'  K  VIA  OI  R  FA  Ik  IS 
'  ' 1  I  rom  die  l  -boul’s  Poini  of'  View 

Ihis  was  die  cine  iai  jitiiotl  ol  die  wai  Ioi  lilt 
I  boats.  (In  one  in  whii.li  iht  \  made  llieil  siipo  Hlr 
eliol  I  and  wt  it  tlet  isiveh  tl< -h  alt  tl.  I  he  uoi  Id  uitle 
sllijjpin”  losers  lo  I  hoais  weir  ahoui  a()  jjri  ceni 
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lower  dian  during  ihr  |  >rct  ft  *  i  ml*  period,  as  about  l  »7 
ships  of  ''if) ! .{)( Ml  ”inss  loih  wcie  Mink  nioiiddv  i  »\ 
l  boals,  widi  :ihoin  Sn  pel  trill  ol  these  losses  o< 
i  lining  in  ilu  Ai  laniu  .  I  In-  mi  mi  in  <»i  I  !  .0.1  is  sunk 
l hi oil”  I  lout  lli«'  ui»i  It!  u.'is  aboul  I!)  a  monili.  mote 
ih;m  iwur  as  mam  as  dmm<*  flu-  j»ir\i«»iis  pn  in?!. 
Ilie  \\  orld  wide  r\(h.iiM»r  tale  was.  llirirfoie.  only 
ahn».M  !»».,  skips  n|  l!l.(H)(J  L’loss  lulls  smik  l»\  lh<* 
average  l  boat  beioit-  ii.  ixeJ!.  was  sunk.  !  his  «\ 
change  rale  was  nitiv  oneihini  as  lam;  as  il  had 
been  dm  ini;  llle  ple\  ions  pt  1  iod. 

Acli\il\  in  ihc  Medin  i  1  am  an  w as  »ir.nl\  in 
rreased  as  II  ships  *a t  1  c  sunk  b\  l  boats  and  °»7 
I'-bnals  Weir  slink.  I  boat  upciaii'jus  m  lb**  Medi¬ 
na*!. mean  urie,  in  man*.  <  ;r.<  s.  an\iliaiv  in  ihc  im)i 
las  opei  a  1 1*1111*4  In  \ni  ih  Miici.  In  ike  Indian  1  Jrrnn. 
( in  man  and  Japanese  l  ImmIs  sank  l!')  ships,  hall 
l hr-  lolal  in  1 1 k *  pirvioix  ptiiod,  unliuui  ssdln  in” 
am  losses.  Japanese  1  boats  sink  !b  ships  in  1  he 
I\u  ilu  and  snlleit  tl  (lx  loss  ol  IS  l  '  hoais.  an  e\ 
(lenielv  nnpioiilabh  n  Hi)  n. 

Ill  llle  \  i  hi  i  ii  i  (  .  (lie  scene  ol  1 1n*  main  liatlle.  I  hr 
a\riai»e  inmiln  1  ol  I  hoais  ai  sea  din  in**  ihis  pel  ind 
nas  In  I.  1 1  jo  1 1<  1  than  in  am  odu  1  pi  1  iod  ol  die  war. 
I  lu  st  l  -hoais  sank  ahoni  ’»/  ships  «d  .1 1  I .IHM)  ”i oss 
loiii  nioiilhlv.  abonl  one  ibixl  ol  ilu  st  sinkings  «.< 
i  iim"l),i»  ill  llle  \nl  l.hwrsl  \llailti<  \xa.  Iliisimani 
dial  ilu  i  Mk  i.ein  \  «>I  l  boats  ieathed  a  Mew  Ion  lot 
tile  n  as  die  .ivei;u>e  I  Iumi  sank  oiih  annul  om 
hall  ship  ol  i;i  mss  ions  pri  niorilh  al  m  a  oiih 

<1 bou  i  tint  dmti.  ilu  it  siihs  at  hit veil  111  du  pxvioix 
pt  l .iod.  I  his  intlnaletl  dial  1  hi-  (  hoax’  < .  1 1 1 1 1 >. a i lt.  1 1 
ol  wo  1 1  pat  k  allat  ks  J”  11  Us!  ilu  \oilli  .  \  I  1 .1 1 1 1 1  <  t.(*n 
\o\s  had  laiitcl  to  mainia in  1  lie  a*. <  1  a”i-  l'l«»al  <1 
it  t  1  i\  eiu  ss  al  its  pjivious  hr.di  I*  \ - 1 .  I  he  I  hoax 
l\t  1  e  veil  l  at  t  h  alvle  lo  c  01 1 1  j  •  b  If  I  \  u\i  1  win  lill  I  lit 
(s(o||s  ol  I  hr  1  t'nn  nt  s  .!!*<■{  «  e»nsi  tpu  lit  l\  the  nv  <d 
l.n**e  noil  pa*  ks  o!  n\i  1  I'd  [  hoax  in  r>\ ed  K  ialivelv 
im  llit  if’ III.  Ill  addition.  win  ti  die  I  hoais  had  to 
Op'i  ,1 1  e  ;r*a  I  ml.  (  om  ov  s  width  Wei  t*  ”i  v  ell  ail  to\el 
iluii  vodl  pat  k  *  >|  if  1  .it  ions  hi  ok  t  down  tom 
plrirlv  as  du  *»  tlependtd  upon  sin  hit  ed  I  hoax  10 
keep  t  Oiil.ii  i  t\  ill)  die  tuiiuit  and  to  lion  ie  die  oil  if  I 

I  hoais. 

In  addilioii  to  du-  ndiution  in  its  t-Iht  inn  \ .  dm 
average  l "  boat  in  du  \  t  i .  1 1 1 1  it  found  lift  molt  ha/- 
aidotx  dm  ill”  this  pt  1  iotl  dian  in  ilu-  j>ie/  < -<  I  i  1 1  *  * 
pel  iod.  I  Ins  111a l  ki  d  l  lu  In  s|  I  mu  m  the  w a  1  dial  l  lu 
Hi  lid  ol  iiu  1 1  asii)”  salrlv  I  •  *t  tlu  I  Imai  was  ;r\ el  sed. 
Aboul  ! >  v,  I’-boais  welc  Mink  mnnihlv  t>!  die  M)l 


l  boats  at  sea  in  the  A  i  Ian  ( it .  so  dial  die  a  \  ri  a»r  I  i  le 
ol  a  I'  boat  ai  sea  in  die  Adamic  during  tills  period 
was  abom  S 1  y,  months,  about  one-ili i**d  less  than  in 
tile  pi  e\  tolls  period.  Ihe  main  laetois  causm”  this 
siioi  ter  average  fid-  lor  l'  boats  were  ilu  iiu  leased 
r  Ih  t  liveness  ol  Allied  nix  rail  and  die  hu  I  dm!  the 
(  boals  utic  exposing  diemseb,  es  lo  iiu  teased  nl- 
t  at  ks  b\  sui  I  at  e  { st  oi  x  In  <  oik  nil  1  at  in”  a”  a  ins  1  ton 
\o\ed  shipping. 

I  hrsr  fiwuf"i,s  indicate  that  du  JUri.ij’r  I'  boat  in 
the  \  1  hint  ic  dmin^  this  pei  iod  was  sinking  oiil\ 
about  IK,  ships  n|  liS.OflO  ”ioss  tons  l.ieioie  il  ilsell 
was  sunk.  I  his  e\(  hanyr  late  was  die  lowest  ol  die 
war  m  ili.il  ({ait  and  onl\  one -lourih  as  hi”ii  as  the 
lei  old  e\(  halite  1  a te  a(  iiie\ ed  in  the  prrv  ions  period. 
I  lix  low  exchange  1  x l < •  phx  the  hut  that,  in  the 
\ilanlit.  the  iiunibei  ol  l'  hoais  sunk  in  Ma\  l()l.) 
was  alniosi  as  iaiL^e  as  die  inuulier  ol  s|ii|>s  sunk  In 
I  I  km  is.  111 1x1  have  <  on\  iiu  ed  die  (in  mans  dial  dies 
tonld  not  coulimu  die  bailie  against  die  \01lh  Al 
I'amit  (omo'w  ajid  they  disen^a^ed.  I  he  average 
nnndiei  #»!  {'  boats  at  sea  in  the  \oithwes|  All;uili< 
\  1  <  a  di  opped  1 1  om  (ih  111  \  f  a  v  to  Id)  in  J  urn.-  I  !f ! a. 

Ilu  expansion  a\  die  (ici  man  1’1‘oat  .(let  1  was 
tlehnii.elv  slowed  down  dm  ini;  1  Ins  pc  1  iod.  Iiombin^ 
oi  luihinidiuii  v.uds  had  ke})i  new  <  onsti  net  ion  at 
about  the  same  level  as  in  the  pi  e\  inns  period,  willl 
about  L’{)  new  I  ’  l.»oa!s  lu  ill”  t  ommissioiietl  ninndilv. 
\IkjiiI  I  (.timaii  I  ht>ax  aie  (ollsideMt!  lo  l).n\e 
been  sunk  dm  in.”  this  pt  1  iod  md  a  uund/er  o!  other-; 
dt  t  nmm issioiu-d.  ( tpu  nl l\ .  die  available  1111111 
lu  1  ol  (»<  1  man  I  -boats  i‘ n f.  1  <  ;xt d  lx>m  about  anO  at 
the  he”i  11  niti”  ol  ill  is  pei  iod  to  about  1 00  at  dir  end 
nl  1.1  If  pi  ;•  iod.  I  Ill's  huge  Heel  sl.il  I  (oust  id  bed  a  ton 
•sidcrahle  poteiidal  ihieat,  hut  many  e\ju  1  it  iu  ed 
ollutis  and  tiews  had  been  lost  timing  (Ids  pet  iod. 
and  the  luavv  losses  sulleied  I J  s  lilt*  I  -boats  must 
ha\i.  ii.id  an  adui  se  ellei  I  on  eilenx  l)  lot  a  le. 

v{-  honi  (ho  /VI lies1  Point  of  View 

I  M»;.j  shipping  losses  ol  tin-  Allied  and  iieithai 
nations  weie  about  Ihl.IMM)  ;;x>ss  lolls  a  month  dlll- 
in.”  this  pei  iod.  abnui  .10  pc  i  cent  less  dian  dnrili”  llle 
px  ccdiii”  pei  iod.  ( ioiisi  1  iu  1  ion  ol.  new  inert  haul 
sldi »nin«»  x  m  li.*d  ::  m  v.  h;^,h  oi  ahuui  ' .DHu.iiOti  i»i oss 
h>ns  a  1  not  1 1 )  1 .  more  dian  twite  die  lolal  nionlhb 
losses.  ( loiisetpiriitlv .  die  net  uinnddv  i»ain  ol  ship 
p  n”  was  ahoul  a.'J’i.OOO  ”i oss  Inns.  I  his  was  the  lirsl 
pei  iod  ol  ilu*  wai  in  w  h it  h  new  <  oust nu  1  ion  ol  ship- 


UhM  IDI-.N  I  i  \ ! . 


sruvi  v  of  KK.sri.Ts 


{h ii“  c\i ceded  ihr  (cnul  lowi.  The  Inlai  shipping 
a\ ailahle  im  tensed  In  almost  .r>, l Mil >,000  <;ross  ions 
dunni;  this  nr:  ioil  to  a  * c* {  * >1  ahoul  ali.nOO.IHM)  i;i  oss 
ions.  Is  appealed  ihm  ihr  m * j J | > * r i i»  <  rise.  in  ihr  wat 
had  t  u  S  i  i  i  1 1 1  *  I  \  passed.  as  ii  seemed  iMii'iiich  milikeh 
Mia!  I  hr  shippiU"  Josm’s  would  r\ri  exited  1 1 » « ■  1 1  >  I  j  - 
I >: l  “i  os\  ions  hr  ini’,  t  oust  r  in  li  t!  moniidv  .  The  ma  in 
) >t < >1  > I <  i n  lac  i»is»  liu*  \llirs  ai  ihr  rn<|  » >j  ! 1 1 is  pnind 
was  Mi  ki  i  p  i hi-  shipping  losses  down  l«»  a  minimum 
so  i  ha  I  mi  in  flics  « />;  i  Id  hr  hud;  no  ;;u it  kl\  in  la  inland 
Im  ihr  invasion  nl  i lie*  (online  ni. 

( )j  ilu-  I!)  I  .(MM)  “i  oss  inns  ol  shipping  lost  montldv, 
a  I  ion  i  la(iJK)0  oss  inns  wri  r  losi  as  a  irstil  l  ol  riirim 
ac  l  ion.  I*  ho  its  ;n  *  oiiiiii’d  Soi  ‘in  l  imn  i» ions  a 
nioiilh.  ahoul  ! HI  pel  <  (ill  n|  ihr  inial  lost  In  rnriin 


I. a 

;  i « t  ion.  Losses  it;  rurinv  aiiciafl,  sinhur  riall,  and 
niinrs  wci  r  all  <  uiisidrrahU  lower  dm  ituj  I  Ii  is  period 
than  in  ihr  pi  rtrdin.t*  one. 

Ihr  number  ol  ships  suilaiilr  for  ocean  esc  oil. 
available  lo  ihr  Mlirs.  had  im  leased  horn  ahoul  7  !") 
al  ilir  hridim  i»t“  of  ihis  period  |o  ahoul  ‘laU  ai  ihr 
(lid  ol  (line  19  la.  I  his  im  hided  ahoul  al)  new  dr- 
s!  is  (  r  esc  oils  j  I  )Kj  as  Well  .ts  abntii  Lin  new  esc  oi  l 
(  a  i  ncis  j(  A'Kj.  I  Ids  im  leased  nunilic- 1  ol  esc  ol  is  and 
jin-  new*  Vi.tt.  aim  ail  ihal  had  hecoiue  available 
placed  ilu  Allies,  ai  llie  end  ol  lliis  period,  in  ill*- 
posii ion  ol  having  delcaled  llie  ipralrsi  efhuls  (lie 
(  boa  is  (on  Id  make.  I  he  Allies  now  had  ih(  oppot- 
iwniivoi  iakiiii;  die  oiieiisivt  against  (hr  I  boais  !o 
J)K  \(  HI  I  llrln  llniiirvri  !  rj*a  ill  i  11“  llie  i  1 1  i  I  ia  I  i  Vc. 


( .() \  M  I )  1-  A  I  I  \I 


C lii;i[)U‘r  (> 

SIXTH  PERIOD 


AIRCRAFT  DEFEAT  U-BOATS’  ATTEMPTED  COME  RACK  AND 
FORCE  ADOPTION  OF  MAXIMUM  SUBMERGENCE 
JULY  I ‘M3 -MAY  I  DM 


«.i  r-noAT  orn.N.sivr. 

y  \  RIM  I  I  <>j  |  {if  lira'  v  losses  iil(  \  e 'Xpe I  it  •ID  I  d  ill 

Million  (lie  pirvious  pel  iotl  ihr  I  lm;ih  wilhehru 
ii , mi  i  he  \ ni  1 1 1  \i  lain  n  .nisi  n-mpoi  mil'  abandoned 
ihrii  woll  pack  i.iiliiv  \  1 1 « *  i  ;i  uiaikcd  lull  in  l  bo.n 
:i  1 1  i  \  i  l  v  in  June,  i  hr  rnriii'  made  hi'*  In'-1  ;im!  mosl 
tllrmioip..  rlloil  t< •  I c“.iin  lilt-  iniiiali'r  in  |>»l\  IH !.». 
I  hr  fvt  l  }  jo.i  Is  ;il  mm  ill  1  f  H  \  1 1.1 1 1 1  ic  Uric  \\  ic  lt-I\ 
;i i it  1  N.ii ! n i ! i .i 1 1 *  * m i n  i  .mi] mr»iin  iu  n  ion 
dn,  ji-jl  in  lr^imis  dial  had  l»  i  n  soil  spois  Ini  die 
[  [)o,i  I  n  in  1 1  it  *  ji.iNl.  mu  h  .in  ili<  <  -n  1 1  •  I  ir.i  i  j ,  1  >  l .  i  /  i  I  i ;  1 1 1 . 

,1 1 1  ( J  |*  |  I'clnWI]  \H.In.  I  'i  Wllhih.lW  1 1  »>HI  ii"  "II*' 

I r“ i<  «i M v  j i n j k >t  i.imi  \»n  ill  \il.miii  "•'»**  .i  omlcssion 
nl  lit  Ir.ii.  lull  I  hr  »  m  no  imiinI  I i :i \ »  .ml  ii  i|  >an  ‘I  a 
li'.ii  h:i)\iNi  Immii  n  1 1 1  j  1 1 1  si  .mu  ks  in  t  oiiip.u  .nivrh 

I  I”  ill  h  j)|Oll  i  il  »*  AM-. IN. 

II  so.  i hi  nu  i i i \  w.is  j )i 1 1! i.ilil \  n.i i ! I \  disappoint!  «l. 

\\  ,.}!;!  ;  i  J ..  s;  • ...  {:  ,JN  .!  J :  -. ! ! ! o{  (  h-J.H  Ul 

j  toll  ill  {  ll!‘.  ■  Y\  <  1 1  I  »I1 1  \  i  I  si )  I  j  in  i  >1  1  1 ,1 II  l(i  "I  1  *nv  1 1  >1  In. 

I I  >i  i  s  ii  in  .i  I  il  \  1 1  \n  1 1 1  1 1 1  i  *  i «  ii  ii  >  1 1 1 J  i  i  \  .  i  \  *  1 1 1 1 1  1 1 1 

1  !  II  |  J|l  I  I  (1 1  U'i  j  »■)  i'  Ml.  I  }  II*  111  .1  V  Ic  n!  1 1  tSSI  N  <  >1  1  1 1 1 1  nl 

in  tin-  I  in  I  i. hi  On  .in.  iiu»mI\  in  ihr  M«i/;inil»i«|u«- 

M  .M,  I.l'.’-I  Nl  .{I  \  1  *  .1  .  will  1  r  I  ->  \||l  |  IS  t  ll  Sl'.UOU  Lil'MNN  lulls 

i\ric  sunk  l»\  i.  boats  while  no  I  hoais  uru;  sunk. 
I  his  w.is  i In  hiv.hiNi  mnnthh  b>ial  o|  sin  wm  lot 
siiippiii"  |mss<  s  In  l  lin.iis  ill  l  111-  hull. Ill  Ocean. 
\  hull  I  N  |  \  (,<11)1.111  l  ho. 1 1  n  f  1 1  I  lu  '  I  -EMI  |  oil  l  *  Is  I‘rll  /»'!; 
i  l.lss  will  pie/l»ab['  H  sponsihh  Ini  liloM  Ol  I  h  i  "si 
si  i  ik  1 1  ij^s. 

Aboul  II  (  hoais  0|H  i  all  cl  ill  llu  ( -.1)  iiihr.m  Si  a 
.uni  nil  llu  l»i .mliiin  toast  as  l.n  smiiii  ;is  Ri*»  dr 
|. im  ho.  IJu  v  >;i 1 1 k  III  ships  (lining  |ul\.  Inn  wm 
loll  (-<{  In  pa'  ,i  liras'  |  j|  ii  r  lo)  I  hr.r  sin  e  esses  as  ll  i  nr 
i  I.IO.MS  \VM‘  Mini-  il'  s||o|  r  J  »;|s«  I  i  aim  ail  HI  l  I  lest* 
.i  I  tils.  I  1 1  is  r  I  imin.ilnl  •<  il>>!  lu  l  soli  sj  ml  I  mill  l  hr  list 
ol  ;nr;is  ulirir  I  ho. Ms  Irll  llu'  could  opriwlr  s.iii  Is. 

}lll\  Mil.  was  in. liked  h\  i  lie  siucrsshil  invasion 
ol  Siril'.  w  Ii  xi  ll  look  f  >1.1  c « -  wilhoiu  ihr  loss  ol  am 


si  i  i  j  >|  »in_i;  in  I  I  joins.  ()nh  !i\r  ships  woe  sunk  h\ 

I  bonis  in  ;H  I  ol  |  lie*  Mt  diln  i  .-mean  ul  ihr  cosl  ol 
se  wn  I  -hnaissunk  hv  ihr  Allies. 

I  5i  spilt  iht  1 1  ir.|”t'l  irsnllN  aeillUSed,  the  i  hoais 
s;  i  Ih  j  re  I  (he  luavirsl  losses  ol  ihr  win  i;i  July  1‘Huas 
du  wul  lei -wide-  l  ola!  <  j  I  [  ’  boats  dcsll  e  >\ cm  I  eh  ll  111“  (  hr 
inonill  1  (  lie  lire I  lb.  I  his  gun  die  In  si  nmnlh  ol  ihr 
wai  in  which  die  mmihe »  ol  I  -bums  sunk  extredrd 
die  iminheT  o|  inrieliani  vessels  sunk  hv  l  -hoais.  Ol 
ihr  lb  1 '  hoais  slink  dm  ini;  Julv.  .‘>7  weir  destroyed 
.in  llu  \llaniu  while  aiietall  r\ |  >n  irnc  rd  ihcir 
Hleale.-sl  sU(((ss<-.  ol  ihr  wil.  Slioirhasrd  ail'ialt 
dt‘siioved  I'S  (  hoais  in  dir  \ i !;i vit  ic  w  hile  (inner- 
I  iast  el  aii  <  i  all  aemnnu-d  In:  anolliei  si's.  I  hr  aim  all 
h  oi  ii  ihr  l  \  s.  i  si  oi  i  t  a  niri  s  opt  i  au  d  in  unions  on  I  - 
side  i he*  i  .ui”r  ol  slim r  hast  1 1  a  ii  e  i  a  1 1  and  uric  ;iblc 

lo  |>t  t  ve  nl  d»r  I  hoais  I . .  ae  iiirv  nue  am  Mie  e  rsse's 

in  (hen  aii.ieks  a u; ; i iiisi  die*  mid- \i  lain  i;  eonvoys. 
I  lu  sc  ai.nuks  |w.  i  an  iri  liascd  aiieiall.  inu-M  June 
liir.i S Iv  t  on>  iiii  i  ei  ihr  i  iioais  dial  liie'V  urii1  no 
Inline  i  s.ilr  In  mi  aii  a  1 1  a<  k  iiiivulidi;  in  !  In*  A  l  la  m  ie . 

Mlird  am  isiihin.il  im*  loots  inllkinl  i  lie  i»i  rairsi 
tlain.i'.'e  till  live  (  I'-riiiv  ill  i.liC  l>a\  ul  lii'M.uv  and  ils 
.ip|j|i«a<  lies  as  i  I  \  !.<•  ,*i!  *.s  uric  slink  ill  ihr  l»isea\- 
(  li.umrl  \ii;i  and  aliolhrl  si\  in  llu*  Cdhrall.n 
Mol  oiio  \ira.  Mthoii'nli  .oil<  i .  1 1 1  (lews  had  u»  filer 
llu  iiitii.iMcl  .mi  i.i  in  F.'d  l  file  o|  suihued  l  ijnals 
jiioe  tedium  in  feaiinaliuii  during  (hr  da  v  I  inn-,  iliis 
|  Me  'sr  ll  I  <  (i  llu  in  Vv  ill)  a  lai«r  |'il'oj  mj)  I  ion  ol  (ilavs  \ 
linnets  and  o\<]  pel  ernif'l  I  hi  a ! !  a«  ks  5  'rsidlrd  i  >i 
ihr  si nk i ii*4  ol  ihr  I  hoai.  I  hr  ( i owning  Mims',  ol 
I  hr  mom  h  oi  rill  I  e  d  oil  julv  .‘jb  w  lu  n  a  w  hole  o mil p 
f)l  ihirr  oniw.inl  hound  1‘  hoais  was  sunk,  iwo  l»v 
(.o.isial  (  d  nu  1 1  i.i  i  id  aini.di  and  ihr  ihiltl  hv  ihr  Set - 
olid  I  si  tu  |  (iioiip.  I  wo  ill  llu  st  I  hive  (  hoais  uvr 
siijipiv  i  hoais.  and  lins  phis  llu  hiss  oi  1  wo  olini 
si 1 1 >} >1  \  I  -  hoais  clsiuhrir  st \rirlv  euilailcd  lalrr 
l  I  ion  i  opr i  a  l  imis.  I  his  ini  idem  was  also  mark'd  h\ 
mic  of  llu  odd  enint  idriurs  o!  ihr  wai  wlirii  l1  Hi  I 
was  sunk  hv  I  hr  .S'uult  iland  aio  rail  [  Hii. 


1 1 


(.C)\Hi)K.\  1  1  \1. 


i’.iioat  orriAsivt: 


Join  :ii!i  1  if  if  >11:1  f  ['  hoals  ucic  si:  f  s  k  in  fin-  Ha  \  oi 
Hiscax  h\  (  lo:isl  ;i )  (  iomuiand  aiu  ?al  l  dm  in»  (lie  first 
l  WO  1 1  ;i  \  s  nf  lisi ,  and  die  l  hoals  U'cic  I « >r<  <<  l  hi 
:  iiai.er  f iicii  i,i<  lies  in  makim;  ihr  hansii  nl  tin*  Hax. 

I  hex  levelled  in  mu  I  at  int;  at  nil*  In  lot  i  lie  minimum 
linir  iicn-ssiir.  lo?  ihr  chai”iii”  ol  I 1 1 c -l  it-**  .md.  iii 
addition,  Im^Ljrd  die  coast  ol  Spain  !«»  ”e!  as  I:m  as 
possible  iiorn  \llird  .m  Ii.ims. 

I  hr  incur  cautious  i;i<  lu>  adopted  !  Ill  oii^holl!  lllr 
\  I  I:i  I  it  it  ill  Amnisi  I1)!*’  n;:nk*d  ihr  !:b!mr  ••!  ihr 
iilsi  .1 1  Iriunl  rd  (oil!'.-  1 1,  i  c  k  1 » v  ihr  (  hoalv  huh  hmi 
s I i i | urir  sunk  bx  l  -boats  in  dir  \ t  [.till i (  dm  in,” 
ihr  monili,  all  dm  iii»  ihr  In st  m  e  k  ol  Au”iist  and 
:d!  v;i!!!i  o!  ! !::  !  qualm.  !  he  wmlduid*  diippm” 

I I  ism  s  hi  l  lioals  ill  \  1 1 1*  u  s  l  wear  oul\  la  s  1 1  i  |  >s  ol 
ST.* Hit)  iij oss  lolls  as  ihr  l  hoals  sank  si\  ships  in  dir 
Indian  ( )c  ran  and  hvr  in  ihr  Mrdm  1 1  am  an. 

i  hr  ax  el  a”r  mmihri  c»i  (  hoals  a  I  si  a  in  I  hi*  Allan- 
lit  dm  in.”  \ m;nst  declined  io  ahoin  c it >.  and  most  ol 
lllrin  urir  lloinrW.ud  hound  In  ilir  end  ol  ihr 
inonili.  I  hrir  was  no  douhl  dial.  a*-  a  din  t  l  conse¬ 
quent  r  ol  lllr  loss  o|  a  mililhi  l  til  siipplv  »  duals 
and  also  ol  die  Inavx  losses  sulhnel  h\  l  boa  is  in 
ihr  opri  aim”  air. is.  die-  e  ampaiens  in  i  I m  ( .  n  i h I h  an 
and  l>i  a/i  I  i.m  Ai  e  as  m  1 1  c  m  iail<  d.  and  i  !u  I  -I  oa is 
I  (till  III  d  hi  base  a  I  loll  I  l\\n  Wt  t  ks  r.ll  lie  I  l  han  iln  \ 
would  min  i  w  isr  have  than  . 

I  hr  milllhe  1  o|  (‘  he  1,1 1  s  Mlllk  diuill”  \  11”  II  >1  ion 
limit'd  to  hr  sa I  isl.it  iii)  \ .  t  oiimiIi  «  i ii”  l  In  snialhi 
It  ( 1 1 1 1 )  it  t  ol  i.i»”t  is  .  i  \  a  i  I  a  i  1 1 1  and  iln  nidi  t.mlim's 
l  at  I  it  s  adopted  hv  1  hr  I  IjojI*.  \iltiall  al.at  ks  at 
t  I  it Ul!  t  d  !<  :}  !  ^  :  r!  die  I  ho.l  I  s  siiul.  I  h  1  ol  I  jhoill  1  1 1 1 

Will  Id..  \  ii  1 1  a  1 1  1 1  mn  I  In  i  SS  ?.■;»»/  miiinl  in  fi  p.ulit 
nl.iiJX  inilahlr  |iri  j»n  main  •  bx  sink  in*:  h\«  I  -hoals 
tin)  i:i”  I  h.t  mmilli  \rw  mill  iih  of  d:r”iadu.d  di.s- 
apjie  at  ante  ol  all  soli  sjiois  w.o  uidn.tuil  hv  die 
siukm”  of  line  <  (  hoals  in  l.jn •  (  a i  1 1 > I n  .i 1 1  lii  .i/iliaiv 

\lra  and  I  wo  I  Imais  iii  j;ht  l*n  t'ltimi  \n  a.  One 
I  boat  was  .dso  sunk  in  the  Indian  Otun,  ihr  hisl 
in  Mil.:. 

\s  dir  Inli  in  I  ho.it  .itiivilx  toniinnrd  dinin'* 
\ii”iisl  1 1 1  (.1  ihf  liN  linn  weeks  of  St  |  ilriidiri .  ihr 
\llits  a  1 i  empire  I  to  main  l  a  in  l  hr  inii  ialix  <  hv  <  ai  1  \ 
ill”  ihr  bailie  into  dir  Hiscax  transit  anas.  I.seoii 
”1  oi  i  j  is  lull  most  d  <  losri  lo  I  hr  Span  ish  (  .o.M  in  all 
rllol  I  In  M*\rl  dir  ll<  vs  I  ’  ho.il  inuiis  lie  iu'«t «-*  .  (  .»  • 
mam  it  ailed  siimi”lx  lo  ihis  new  ilnru.  hrini'iii” 
oul  a  in  w  weapon.  die  iadio  lumioilrd.  jrl  ptoprllrd 
”lidri  bomb.  \  in  sr  wa  it  it  leased  |j\  (eriinan  homh 
<■) s  :i** u iiist  iln  <  m  m  i  ”i«»ups  in  dn  l*.t\.  I  I  MS  /-^n  f 


was  sunk  hv  I  his  new  weapon  lair  m  August  and  l  wo 
oilier  ships  were  damaged.  I  hr  cvorl  groups  were 
wilhchawn  liom  dir  Hax  oilrnsixr  in  September,  as 
a  result  ol  ihrsr  a  1 1  at  ks  and  ft*  nr  wed  l  'lioal  ;:<  I  iv  ii  x 
in  lllr  Xoi  di  \l  lain  it . 

I  his  resumption  ol  ihr  baidr  against  dir  vilal 
\oiih  Adamic  tonvovs  maikrd  the  second  allrmpi 
o!  du  l ‘-boats  to  strain  dir  initiative.  ii  wax  on  Si  p 
Iruibri  l!J.  Mil.},  di  a  (  u  In  si  bee  ame  <  \  idt  ait  dial  (am 
(  >\S  I H  and  <  *.\  L'hL!  Writ  beiii”  shadowed  hv 
1  boats.  I  li.it  ni”iil.  ailaeks  developed  against  both 

<  on  \  ov  s.  Inn  l  hr  rsr  oi  is  o|  ONS  IS  wrir  able  lo  dl  i\  r 
die  I  ’  boa  is  oil’  w  illioui  si  i  lie  i  iii”  an  v  losses. 

Cioioov  ON  Iii  iii  Was  .tiiat  krd  Saiei  dial  mi»hi  and 

I  IMS  \\as  im  prelord.  Ihis  was  lllr  lilsl  ship 

imprdord  in  dir  Allan!  it  in  Se  plenibcr .  Il  was  also 
i  In*  (n  si  indie  alion  l  hat  I  hr  l.  heials  wrir  nsiii”  a  new 
Weapon,  lllr  ar.oiislit  liomiii”  loipedo  ((dial  oi  I  a). 

I I  Ms  J  tiffin  had  been  delathed  io  loliow  up  an 
III*’  1)1  hraiiii”  and  had  ohlaiiud  a  ladar  conia<l 
which  lad«*d  when  i  he  iain>e  was  about  ‘>000  wi  t  r  Is. 
She-  was  w  i  l  Ill'll  a  hone  I ;  ’00  \  aids  ol  (hr  assn  nice  I  div 
ill”  position  uiieii  sin  was  hit  in  a  loipedo  which 
bit  w  oil  lu  i  si e  i  n.  She  was  taken  in  low  and  )  eac  bed 
ha i  hoi .  In  dir  men  nin”  two  nirie  haul  ships  ol  (  oil- 
vox  (  ).\  1'0‘J  w  e  j  t*  a  iso  io)  pednrcl. 

I  )ni  in”  1  In*  Im  t  noon  dir  i  wo  conxoxs  wrir  ordered 
l  iv  join.  Im  m  i  ii”  out;  Cdii  vox  <il  li.'J  s|)  ips  a  mi  a  houl  I  > 
i  mo}  is.  I  hal  eveniii”  l.wo  tscoiis  urir  Mink,  diu* 
w  Jiih  Imiii  ip”  .1  I  •  h'oa  i .  |  brothel  while  !« )!  low  illifup, 
a  lad. n  (onu  tl.  Ilespife  dime  losses,  die  alirnipls 
wllit.h  I  lit-  I  hoals  in.id'  on  l  he  ,e  oi  i  vox  1  dill  ill”  the 
ni”hi  hiiliel.  arl x  'in ‘die  I'lsi.  duv  eolivox  was  tr 
louird  to  I  he  SOUI  |iw  ai  d  in  <iw|/  i  !u”el  \\'ii  hill  1  an^r 
ol  New  lomiclland  based  airciali.  Ilowexri,  Iira\\ 
fo.”  p*i  rv  ruled  unit  h  ail  eoxri  dial  elax  and  alse*  ham 
pi  I  rd  die-  l  he  ).n  v  !  Ill*  l  -hoals.  rs|  Una  It-tl  lo  he*  la 
oi  Lr.p  in  munixi.  had  the  wtusi  of  ii  dial  iii*»hi. 

I  hallks  lo  III*  2  >  I*  fixes  Ij\  i  hr  rst  oi  is,  lllr  l  heials 
urir  pirxt  nir<l  Itohi  sinkiii”  aiix  ships  and  in  dir 

<  a  i  !x  In  mi  is  ol  (hr  Lf-inl.  one  ol  die  pa<  k  vv  as  i  a  mined 
and  se  n i  m  the  honmii  bx  M 

I.ibe  laiens  *»ave  toxr)  I hlo,.5”!u*,»m  dir  dax  luil  ihr 
tonvox  was  lalliri  opriwd  up  hv  ni”hi  and  ihr 
I  h<  xi  1  s  i”  a  in  .N  i  at  krd  in  st  i :  rri”l  h.  Jim  brlol  r  mid 

"!”!?!  "!!'.•  V.as  sunk,  l«;l\  i‘  dii‘t.e  mi  ll  hmi  as 

se*is  we  i  r  i  oi  pet  lord  and  oi  u*  moi  r  ship  was  sunk  rai  lx 
i  hai  i  non  iii:”.  I  lie  l " -hoals  kr  pi  in  coni  act  wiihiiir 
coiivnv  dm  ill”  ihr  !i:»rcl.  hill  llu-  ailaeks  made  bx 
esc  m  i  ins*  I  .il>ri  a  to)  s  Ii  um  Nev.  lomse !  Jar.d  so  dc-lri  i  ed 
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AIRCRAFT  DEFEAT  U-BOATS'  ATTEMPTED  COME-BACK 


for  six  of  these  17  U-boats  with  four  of  the  kills  due  to 
aircraft  from  the  USS  Curd.  In  two  mtiscs,  aircraft 
from  the*  USS  Curd  had  made  19  attacks,  nine  of 
which  resulted  in  A  or  B  assessments.  This  second 
cruise  closed  with  the  gallant  action  in  which  the 
USS  Bone ,  one  of  the  escorts  of  the  USS  Curd,  was 
lost. 

On  the  night  of  Oi.iobci  "I,  after  basing  severely 
damaged  one  U-boat  reported  by  ;<  plane  from  the* 

i  hv  . j  .t.„  i  il'l'  n....: . i„  ,....1....  ....... _ _ 

ii'»re,  me  u.m  u**t  n  iiiiiml  i  auiu  iuiuuli  unit 

another  U-hoai.  Sonar  contac  t  was  obtained  and  a 
depth-charge  attack  brought  the  U  boat  to  the  snr- 
lace.  The  U  ho;it  tried  to  escape  on  the  surface,  hut 
(he  /  iuiic  opened  file  and  then  lammed  tin:  U-boat 
at  2.r>  knots,  riding  over  the  U  boat’s  lorecaMle  and 
pinning  it  under.  The  two  ships  untamed  in  this 
position  for  about  10  minutes  with  the  U-boat  ex¬ 
posed  to  hie  l.i om  the  Bora's  l  im  it  and  20-mtn  guns. 
Tommy  guns,  revolvers,  rides,  and  shotguns.  One  of 
the  U-boal’s  cre  w  was  killed  by  a  sheath  knife  tin tnvn 
from  the  Bmic's  -deck  while  another ’was  knocked 
overboard  In  an  empty  I  inch  shell  case.  At  length, 
the  U-boat  got  under  way.  with  the  Untie,  now  sc 
\tieh  damaged,  in  full  pursuit  maintaining  gunlire. 
A  torpedo  was  hied  at  the  U-boat  lun  missed.  The 
range -was  then  close *d  again  and.  as  the  attempt  to 
n.mi  failed,  I  lit  we  depth  <  barges  were  (ir.ed  straddling 
the  U-boat.  Another  torpedo  was  then  firocl  passing 
within  1 1).  feel  hi  the  I’ -boat’s  bow.  A  main  battery 
salvo  struck  the  f  -boat  s  diesel  exhaust  and  the 
U-boat  hnntedia  leJU  slowed.  Mopped,  and  Mirren 
deled.  About  !fi.  (Members  o(  the  crew  ahatulwm  d 
ship  and  the  U-boat  sank  Met  n  hi  si.  I  he  ent  ire  <n  i  ion 
Ironi  .tlie  init  ial  .contac  t  mil  i i  the  U-hoai  sank  lasted 
one  hour  and  lour  minutes,  l  ’nl.oi  t inialely,  the  ram¬ 
ming  resulted  in  serious  damage  to  the  Boric  and 
she1  had  to  lx*  abandoned  later  in  the  dav. 

I  he  wot  Id-wide  shipping  losses  to  U-boats  in  Oc¬ 
tober  weic  about  the  same  ;ts  iii  Scpieinbc r.  Only  20 
ships  of  07.000  gross  tons  weie  sunk,  hut  the  number 
of  U-boats,  sunk  increased  to  27  rrl!ec.diig  the  in¬ 
creased  U-boat  arti\ity.  The  U-boals  weic  forced  to 
disengage  again  in  then  battle  against  the  North 
Atlantic  c  on  voys  and  l  heir  sec  one!  at  tempt  at  a  come 
lijuk  had  failed.  The  first  promising  results  ol  the 
acnmtir  torpedo  were  not  m a i Drained,  and  during 
October  this  new  weapon  had  singtilatly  little  sne- 
c .ess.  By  way  ol  coinilei  measures  the  Allies  developed 
a  towed  noise-making  device  (U.  S.  FXR— • British 
1'OXKR)  and  new  step-aside  tactics  in  attacking 


U-boats.  By  the  end  of  October  the  British  had  been 
granted  the  use  of  the;  Azores  by  Portugal,  and  air 
bases  were  immediately  established  greatly  extending 
Allied  air  coverage  of  the  Atlantic. 

A  lundamenlal  change  in  U-boat  tactics  was  ob¬ 
served  in  November  19*13  as  the  U-boats  made  their 
third,  and  most  feeble,  attempt  to  regain  the  initia¬ 
tive.  As  a  result  of  the  heavy  losses  inflicted  on  the 
U-boats  by  aircraft  in  October,  and  also  influenced 

I-..  .  I.  ..  »  I  I  ‘  J  •_  1 _  ....  A  1.  ..  V  . .  .  1,  ...  II  | _ ._ 

UJ  1 1 H"  .  Mliltli  rill  IJ<  !.-»»_.>  l_»|J  l.lle  LHC  u- Duals 

mu'  cuinpciled  to  adopt  a  mode  ol  existence  which 
lavorccl  l lit- ir  survival  rather  than  tile  mils!  ell'cclivc 
fin !>lo\i(i<-n l  against  shipping.  In  order  to  favor  their 
1 1  lam  es  ■>!  sun  is  al.  ihe  U-boats  remained  coin  j  'it  I  el  y 
submerged  during  the  daytime,  thereby  avoiding 
Allied  air  patrols;.  They  surfaced  at  night  to  charge 
batteries  ami  to  lollow-up  and  attack  any  convoys 
within  reach.  Small  groups  of  U-boats  wore  disposed 
along  the  probable  course  of  the  convoy,  about  one 
day’s  run  apart,  so  that  each  pack  would  he  able  to 
attack  t  he  convoy  for  only  one  night.  To  compensate 
fot  ibis  lots  of  mobility  of  the  U-boats,  enemy  long- 
range  rc< onnaissam c  siiicrali  were  used  to  locale  our 
convoys  and  to  pass  on  iiilmmalion  to  the  U-boats. 

As  most  of  the  enemy's  long-range  aircraft  were 
based  in  i'latuc,  these  new  Udiiiat  tactics  were  tried 
out  on  iht;  uitnoy  route  .bet  ween  the  II nil ial  Kit'tg- 
tlotn  and  Gibraltar.  Four  noi  th-bpiinc!  convoys  weic 
attacked  by  the  U-boats  y villi  very  little  success,  as 
only  one  ship  was  sunk  while  several  Ib.boais  wore 
dcsl roved,  kurtniiale’ls ,  Iht;  attacks  on  tiiese  convovs" 
la.nie  niter  Aliied  itin  rail  bail moved  into  the'  Azores 
and  strong  support  by  both  escort  groups’  and  shore- 
based  aircraft  brought  i lie  convoys,- saft.lv .through 
t  lie  i  om  c i,i 1 1  at  ions  oi  l  '-boats.' 'These  attacks  also  pro-  . 
titled  Azores  based  hit  craft  with  i  heir  first  kiJJ  as  a 
Flying  Fortress  sank  aUdtoal  at  daybreak  on  No-  ■ 
vernhei  IF 

After  the  lailure  ol  this  third  aitempt  at  staging  it 
conic-back  the  U-hciais  rcc.onc  ilccl  themselves  to  l‘c- 
niicining  on  lire. defensive  lot;  the  remainder  of  this 
period,  The  workhwidc  shipping  losses  lo  U-boats 
dl'opped  to  (heir  lowest  level  since  I’earl  Harbor  as 
only  I.”  ships  ol  {>7,001)  gloss  tons  were  sunk  during 
November  I  ()(.’!.  There  was  ;t  spurt  of  activity  in  the 
Panama  Sea  l-rcmlicr  as  three  ships  and  one  schooner 
Were  stink  lit  l ’-boats.  Not  a  single  ship  was  sunk  in 
the  Not  tli  Atlantic  Convoy  Area  during  the  month, 
while  four  ships  were  sunk  in  I  lie  Indian  Ocean  and 
three  in  the  Mediterranean.  German  aircraft,  niak- 
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ini'  extensive  use  of  torpedoes  and  glider  bombs,  had 
become  a  greater  menace  to  the  .Mediterranean  con¬ 
voys  ilian  were  die  U-boats.  Aimali  sank  seven  ships 
of  over  1)0,000  gross  ions  in  the  Mediterranean  dur¬ 
ing  November,  sis'  of  them  oil  the  coast  o!  \'ml li 
Africa  between  Iran  and  Bi/crtc.  Karls  in  the  month, 
the  cneniv's  allempi  to  reinforce  the  diminishing 
number  of  U-lioals  in  the  Metlitert  anean  was  largely 
frustrated  as  three  of  the  live  U-boats  making  the 


not  iiijiieu  coin  were  stmts. 

In  all.  18  U-boats  were  stink  during  November, 
about  hall  bv  aircraft  anti  hall 'by  sulfate  era  ft .  These 
ll-boat  kills  were  rather  widely  distributed.  I  lie 
Second  Kscort  Group  sank  two  U  boats  using  a 
creeping  aitatk.  This  methoil  of  attack  was  dcscl- 
oped  to  take  cure  of  deep  U-boats  and  involved  one 
ship’s  keeping  eolllaii  with  the  deep  U-boat  at  a  dis¬ 
tance  and  directing  the  attacking  ship  onto  the  tut 
suspecting  U-boat.  The  attacking  ship  proceeded 
silent  Iv  at  slow  speed  in  orde  r  to  surprise  the  U-boat 
before  it  could  start  any  violent  evasive  maneuver':. 
When  tlie  attacking  ship  was  over  the  ('  hoar,  it 
would  drop  a  large  pattern  ol  dentil  charges. 

Two  large  U- boats,  apparently  headed  lot  the 
Indian  ( )<  can,  were  stink  in  the  South  A!  Ian  tic  tim¬ 
ing  Xtitc'iiiliCT  bv  U.  S.  aim. ill  based  oil'  Asc  elision 
Island.  !  hese  sinkings  wen-  pat  t  it  tilai  Is  salualjlc  as 
the  i ltd i an  Ot  etlll  was  one  ol  the  lew  t c attaining  an  tis 
wllele  the  exchange-  rale  was  still  Insoluble  to  the 
U  boats.  The  sinking  of  a  U-boat  headed  hr, I  the 
Indian  Ot  t|tu  might  lie  considered  ecptisalcnl  (it  t  he 
sa  sing  oi  l on  ships,  whic  h  t hr  average  U-boat  would 
probabh  sink  in  the  Indian  Ocean  bclorc  ii  itself 
would  he  sunk. . 

Bat  t  ie  r  paltols  Its  tain  tali  in  the  South  Atlantic 
paid  oil  c It 1 1 « i it*  t lie.'  last  w.cek  of  December  1913  and 
theiiisi  Week  it!  |;inu;n  v  I'MT  I'ive:  enenis  me  rchant. 
.  s esscls  a l templed  to  ret  urn"  from  |aptm  (o  Germans 
and  .were  ill  the  Sojtlh  Atlantic  heading  non  h.  One 
of  the  list1  enemy  bloc  bade  runnels  made  port,  badly 
damaged,  three  were  sunk  Its  ships  and  aimali  ol 
ll-se  hourth  I'lcir  in  the  Biti/iliau  Area,  and  another 
was  sunk  lay  Bril ish  based  aimali  in  the  apprtuu  lies 
to  the  Bay  of  Biscay..  I  bis  was  liter  Iasi  attempt  the 
enemy  made  to  run  tlie  blockade  with  merchant 
vessels.  Inti  U-boats  continued  to  make  occasional 
trips  between  Germany  and  Japan. 

Wot  lel-wiele  shipping  losses  to  U-boats  stayed  at 
the  same  low  level  as  Olds'  13  ships  of  K7.000  gross 
toils  were  sunk  bv  U-boats  in  December  1*1-13.  Al¬ 


though  over  half  of  the  (id  U-boats  at  sea  in  the:  At¬ 
lantic  sverr  com  rntralct!  in  the  North  Atlantic  Con- 
vov  Area,  not  a  single  ship  svas  sunk  there.  Ml  tile 
sinkings  were  due  to  small  numbers  of  U-boats  oper¬ 
ating  in  distant  areas.  I'ive  ships  were:  sunk  in  the 
Indian  Ocean,  three  in  the  Frcclosvn  .Area,  and  one 
in  the  Mediterranean.  The  other  four  sltips  were 
sunk  in  American  coastal  waters  extending  from 
(.apt:  I  la  1 1  eras  lea  Arnica,  flowetcr,  the  U-boats’  pol¬ 
icy  of  remaining  submerged  during  the  daytime:  re¬ 
sulted  in  only  sese-n  U  boats  being  sunk  during  De¬ 
cember,  the  lowest  month!)  total  in  I  (M3. 

The  shipping  losses  to  U-boats  in  December  were 
overshadowed  by  the  surprise  air  attack  on  Bari 
Harbor,  on  the  east  coast  of  Italy,  on  December  2. 
This  attac  k,  made:  by  about  2.r>  bombers,  resulted  in 
the  loss  ol  Hi  ships  and  damage  to  (!)  others.  The 
heavy  losses  were  due  in  part  to  the  explosion  of 
several  ainnttmition  ships. 

I  he  U-boats  sank  only  13  ships  ol  02, 01)0  gross 
tints  in  January  I9H.  I  wo  of  these  ships  were  sunk 
from  North  Atlantic  convoys.  Three  ships  were  sunk, 
in  tile  Barents  Sett  Area  front  a  e.ouvov  headed  lor 
Russia  while  eight  ships  were-  stink  in  the  Indian 
( )e  can.  {lit  in  it  in  concern  rat  ion  of  a  lion  l  25  U -boats 
in  the  N’drllt  Atlantic  moved  gradually  eastwards, 
tow.uds  the  west  roast  of  ircland,  in  an  apparent 
alir.mp!  to  l.oi  a  Ic;  Aiiioei  convoys.  litis  move  did  not 
site  c  ceil  as  tin.  ships  were  sunk  in  the  Northeast  Atlan- 
tic  Ait. i  while  seven  U-boats  were-  destroyed  there. 
I  liiViV.pt,  on  ft  II  U-boats  Wetc' sunk  in  Janttaivas 
ilti-  U  boats  c  out  iimed  their. minions  tactics  of  maxi 

mum  submrrgrni.c.  foa  r  of  the  impending  .invasion 
ma \  base  plated  its  pari  in  keeping  the.  U-boats 
ts  i t bin  slit it  i  tiiiige  ol  the  I-'re'neli  coast.  " 

February  l(f  I  I  marked  tlie  fourth  successive-  month 
in  -which  fewer  than  20  ships  and  less  than  100,000 
gross  ictus  o(  .shipping  were  sunk  by  U-boats.  Otilv 
18  .ships  of  (:I3, 000  gross  tons  were,  sunk  during-  the 
month.,  lei i  of  thc-iii  in  t lie  Indian  Ocean,  six  in  the- 
Mediterranean,  and  Onlv  two. in  the-  Atlantic',  'one 
net J  Iceland  and  one. in  the  Freetown  Area.  About 
hull  of  the  (it)  U-boats  at  sett  in  the-  Atlantic  were 
conicMlialc-d  in  the-  North  Atlantic,  west  of  tit- 
United  Kingdom,  ffoweser,  the  North  Atlantic  eon- 
soys  passed  through  this  concentration  of  U-boats 
ts  it bout  Mill oi  ing  tins  losses  while  seven:  losses  were 
indicted  on  the  U-boats.  The  world  wide  total  of 
U-boat  $  stink  mounted  to  22  in  February,  as  sett 
were  destroyed  tn  the  Northeast  Atlantic  Area. 
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Fif.riu  X  t :i ru  oi  I  .ViO  ] >> c| >:> i < -  t«.  ab;imloii  slug  alicr  iiustk  hy  I  'SS  Inytr,  (.rmily.  ami  Prtnv.iii,  200  miles  oil  New 
.tni'g,  .\|ail  Iti,  101 1.  Vs  1'nti  l'ritmxlv<nu<i  in  list  Oat kgiomul. 


The  outstanding  at  hit-vernem  of  lilt-  month  was 
i  lie  27 -day  patrol  of  the  Second  list oi  l  Group,  in  the 
t  on  iso  of  whit  ll  six  U  boats  Were  sunk  in  a  period  of . 
-Ml  <ia\s.  K\er\  l-lioal  t.ontat  lt  d  was  himlcd'lo  dr- 
sli  iit  I  ion.  I'ou'i'  hours  and  I  (1ft  depth  (  halves  were 
re(|iliied,  on  i lie  asciagc,  to  kill  eat  It  ol  lliese  six 
l.'  bools,  (iombilicd  (lcepiijg  and  Ivtflow-up  .allot  ks 
wen  responsible  loi  i  he  dexn  ut  i  ion  ol  loin  of  them. 
Against  lliese  silt  tesses  jinisi  lie  retorded  die  loss  of 
I  IMS  Wumljin/m  lo  an  acoustii  torpedo:' In  eon- 
Irasl  lo  lliese  attacks,' I  IMS  '.Spry,  hi  ltd  will  I  the  laics  I 
it  pc  of- Asdie  gear  int  hiding  the  (.)  anathnieni  and 
llif  Type  1-1711  'depth  pmlic.ioi.  dcslio'.tt!  two 
G  houls  ill  two,  tbits,  eaeli  In  a  mailer  oi  minutes, 
Single  patterns  of  ten  depth  charges  forced  the 
T-boal  lo  ! lie  satiate  in  each  case. 

Anol  her  mil  standing  leatnn;  of  I  lie  nioiidi’s  opera¬ 
tions  was  die  Hi  st  sinking  of  a  U-bonl  as  die  resit) I  of 
an  ini  l  iai  MAI)  eon  lot  l .  I  s  boa  Is  had.  during  the  pre¬ 
vious  months,  approached  on  die  surface  a!  night  and 
passed  through  die  Snails  of  Gibraltar  in  the  day¬ 
time  entirely  submerged. Thcv  made  only  enough 
speed  lo  maintain  trim,  whiic  die  furrevit  tarried 
them  through.  Allied  ships,  operating  in  die  Straits, 
fated  bad  sound  conditions,  because  of  the  variation 
in  the  density  of  die  water.  F.clio  ranging  was  unre¬ 


liable  and  listening  was  not  of  much  value  cither,  as 
the  l '-boats  proceeded  at  very  slow  speeds. 

This  situation  presen  let  1  an  ideal  set-up  for  the 
use  of  MAI).  An  MAI)  barrier  patrol  was. started 
across  die  .Straits  in  January  1911,  in  order  to  prevent 
die  submerged  passage  of  U-boats  into  tlie  .Mediter¬ 
ranean.  Two  PHY's  ol  Vl'IiS  were  (lying  on  ibis, patrol 
i'll)  Febi  iiait  h  |  when  an  MAI)  ton, tad  was  obtained. 
Nhoufy  afterward,  .two  British  dcsl rovers  and  oilier 
planes  arrived  on  die  .scene.  The  U-boat  wits  attacked 
with  iclro-boiubs  "from  die  MAD  planes,"  depth 
charges  and  gunfire  fioin  the  destroyers,  and  depth 
bombs  fiom  tile  oilier  airerafl  before  it  was  de¬ 
stroyed.  J  In’s  MAD  '  barrier  patrol  probably  de¬ 
stroyed  another  U-boat  attempting,  lo  make  die  pas 
sage  in  March. 

I  hiring.  March  1‘1-M  there  were  some  signs  ol  die 
breaking  up  of, die  coneeulral  ions  of  U-boats  in  favor- 
of  a  general  dispersion  across  die  North  Atlantic 
convoy  lanes.  There  was  an  increase  in  the  shipping 
losses  to  U-boats  as  23  ships  of  1-13,000  gross  tons 
were  sunk  throughout  die  world.  Losses  were  again 
heaviest  in  the  Indian  Ocean  where  II  fillips  were 
sunk,  but  the  German  U-boats  operating  there  were 
seriously  inconvenienced  by  die  sinking  in  the  South 
Indian  Ocean  of  two  tankers  which  had  been  refuel- 
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1'ii.rm,  I.  l.  -j'iO  sinks. 


■Og  I  hem.  \n  ships  wrc  Mink  in  the  Indian  Ocean 
(hiring  l lie-  remaining  mo  monilis  <>l  iliis  period. 
Nexen  ships  xveie  Slink  ill  with  i\  scallcrc-d  p;nis  of 
•he  -A  <  l;nil  it  in  Match.  lour  in  "the  Mcdhc-Maneaii. 
Mild  one  hi  I  lie  Hal  tails  Sea  ,\l  e;i. 

.1  he  nuinhei  ol  ('  liouls  sunk  incieasetl  loi.  die 
ill ii d  suti e.sNixc  ilium h  ;is  V.'i  I  i hi. Ms.  wY'Si*  (!;  s!  j  o\nl 

ill  Minch,  die  . . .  ns  i lit  I  iiunihei  of  ships  sunk  In 

l  :-|M|-|is.  I.  Wd  of  die  lollgrsl  f  hum  I . Is  I.l  die  will 

°<  <  in  >c(l,,a'l.al>oiil  ihis  I  iiiic;  uni  lusting  liouis  aiul 
•he  filhel  .‘IN  litim  s  lieluie  I  he  l  -hoais  xvt  le  deslimed. 

1  lie  Serum  I  Itsi  r  >1 1  ( .loop  ;n  i  niinled  .Ini  I  wo  mole 
I  -liouis  in  Mind',,  liiin-iii"  i.is  mud  up  m  I  I.  One  ol 
lliesc  was  sunk  with  die  t  ooperal  ion  ul  a  in  rail  limit 
lire  escort  liinier,  i-J  .VI S  I'hnli-w 

flic  escort  (ill  rich  groups  comi  ilnilcd  grtiatlv.  to 
i  lie  tampaign  in  \  I  a  1 1  h.  sink  in-  nine  ( '■  hoais  in  i  lie 
At l.i i il it ,  Ain  rail  irniii  I  IMS  B’/u/.w'r,  living  lockOLs. 
pa  1 1  it  i  ]  ia  led  in  die  sink  ini’  ol  i  luce ,  l  -l.oais,  Airtrali 
and  esi  oi  is  ol  l  lie  l  NS  /login-  pari  it  i paled  in  die  sink¬ 
ing  o  I  one  IMioal  while  moodier  f  hoais  were  .sunk 
hy  escorts  of  die  CNN  IU<></<  /.Jimrl.  Toward  die  Jailer 
trailed  the  ntoiuli  i he  1  !SS  HI...  /.  t.  / . /  ....  ■ . 

.  -  -  .  .......  (n.-ii.  -i  i>tt  p. 

opera  I  i  ng  in  a  probable  rcliicliiig  area  near  dicOape 
Verde  Islands,  sank  iwtj  more  IMniais.  Noiio  bnoxs 
were  used  in  this  operation. 


In  die  Mediterranean,  the  enemy  lost  lice  U-boats 
oiii  ol  die  t ompai advelx  small  mmiliei  remaining 
•helc.  I  wool  these  were  sunk  in  a  i  a  hi  liv  l S.  Annv 
l.ilit  laiois  on  die  I'-hoai  liase  al  'I'mihin.  The  lack 
ol  sigh!  ings  in  the Biteol  Bist  ay  t  aiiscd  Coar-lnl  Conr- 
inanil  to  send  iis  aiitrall  t  loser  In  the  iWrich  coast 
and  a  I'-hom  Was  piohahjy  sunk.  I>v  iiils  IVcnii  (i- 
|  ’mi  in  hi  "inline  Jrmn  a  Mostjtiiio.  A :( ialaiimi  from 
'  ••ipelown  sank  a  I  -hciai  about  1(1(1  miles  suiTlIt  of 
die  (  .ape  ol  (food  I  lope, 

I  In;  axerngc  number  of.  I  '-boals  at  sea  in  the  At- 
hmrh  (hopped  K|  ,a()  in  April  I!)  I  I  as  the  eniaiiV  eoil- 
)  i.iiued  m  ( onsei  x  e  his  I'-homs  in  muieipal  ion  of  a 
ina  joi  e.llorl.  against  die  ihrettteiied  invasion.,  {  hlxrat 
I*-1 ' 1  "I  dispositions  Were  rather  sparse  and  wide-filing 
and  gloat  impoi  tarn  c  seemed  in  lie  attac  hed  to  the 
gadif-i  ing  ol  -meteorological  inlpinialioii;  in  aid  ol 
“'•l";l1 '  and  air  planning.  ( >nljy  nine  ships  of  62.000 
gross  (oils  were  sunk  hx  l'-l>o;|ts  during'  die  month, 
sexen  in  die  Al  lam  ic  and  iwo  hi  die  .Ucdilcunmcuti. 

lor  die  lirsi  linn  in  I  I  inondis,  not  ;i  single  ship 
uas  sunk  by  f '-hoais  in  die  Indian  Ocean.  Ilowcxer, 
ihe  mosr  disastrous  event  ol  die  month  occurred 
(here,  when  on  April  II  an  annminii  ion  ship  ex¬ 
ploded  ill  Bombay  harbor,  completely  destroying  H 
ships  and  damaging  nine  others.  As  partial  eom- 
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S2  AIRCRAFT  i>EFEA1  U-BOATS’  ATTEMPTED  COM  E-HACK 


pensation  Im  this  disaster,  (lie  world-wide  losses  due 
to  enemy  action  reached  a  new  low  lor  tile  war  as 
onlv  13  ships  of  82,(100  gross  Ions  Wi  le  sunk  in  April. 

Si  al  l  mg  in  April,  the  I  i  S  ocean  escorts  of  tiro 
UGS  convoys  continued  past  Gibraltar  into  the 
Mediterranean  as  far  as  Ei/crte  lieforc  being  relieved 
by  Bril  ish  escorts.  Each  of  these  lliree  April  convoys 
was  sub|eeled  to  die  familial  Nad  air  attack  near 
Algiers  as  a  result  of  which  three  ships  were  sunk  and 
live  damaged. 

On  the  night  of  April  20.  ihc  Gentians  made  an 
unsuccessful  attack  with  human  torpedoes  at  An/io, 
and  both  prisoners  and  erali  were  taken.  These  trait 
consisted  of  two  torpedoes,  one  mounted  about  (i 
inches  above  the  other.  The  '‘mother'-  (upper)  tor¬ 
pedo  was  modified  to  hold  a  human  pilot  who  guided 
the  erali  and  released  tin  normal  lethal  torpedo  at¬ 
tached  underneath  when  within  bring  range. 

Considering  the  inactivity  ol  (lie  U-boats,  il,  was 
remarkable  that  Mi  of  them  were  .sunk  during  April- 
The  escort  carrier  groups  accounted  for  six  ol  these. 

The  average  number  ol  l-boais  at  sea  in  the  At¬ 
lantic  det  lined  (o  unit  ahum  10  in  Mav  1011.  How¬ 
ever,  a  large  number  of  U-boats,  which  normally 
would  have  been  operating  in  the  Ail, unit,  was  ap¬ 
parent  Iv  being  held  in  Hist  a \  ports  and  in  Baltir  and 
Norwegian  ports  for  use  against  the  Ini  tlicoming  in¬ 
vasions.  World-wide  shipping  losses  to  l '-boats  were 
lowei  ill. m  they  had  ever  been  belqre  as  only  lour 
ships  ol  21 .000  gross  tons  were  sunk  lit  (  ' dm. iis  dur¬ 
ing  May.  Three  ol  these  ships Were  sunk  in  the  Ufa 
/ilian  Area  and  one  ill  the  Mediterranean.  1  onyl 
shipping  losses  front  all  t  a  uses  also  dt  upped  to  a  urn 
low  as  milt  12  si i i j »  of  10,000  gross  ions  were  lost 
during  Mat.. 

The. most  notable.  a<  hirtctnciu  ol  tlu:  l  lmais  dol¬ 
ing  May  was  the  sinking -ol  the  esiori  raitiei,  USS 
Mini;  Island.  Tally  in  the  mouth  one  ol  her  planes 
assisted  while  the  I’.SS  lhirl;h-y. one  ol  her  extorts, 
finished  oil  a  German  U-lioal  alter  a  short  (Hi  min¬ 
utes)  hill  .tin ailing  mu  lace  engagement  involving  gtin- 
lirc  and  i.uniiting.  On  May  20,  while  the  task  group 
was  searching  lor  a  (  '-boat  suspected  to  he  in  the 
viriiiilv,  the  M'»k  Island  w;is  struck  by  three  torpe¬ 
does  in  a  short  interval.  One  ol  the  escorts  had  her 
stern  blown  oil.  .Shortly  thereafter,  the  other  escorts 
made  conlut  l  with  the  U-boat  and  probably  sank  her 
after  two  I  Icdgclmg  attacks.  The  gallant  career  of  the 
Marl;  Island  came  to  an  end  later  in  the  day  when 
she  had  to  be  abandoned. 


Despite  the  enemy's  attempt  to  conserve  his 
U-boats  lot  the  imminent  invasion,  the  mint  her  of 
I  '-boats  sunk  during  May  IlM-i  was  2f),  i  hr  highest 
figure  since  the  record  total  of  -Mi  in  July  1913,  The 
leading  area  in  the  sinking  of  LJ-hoats  during  May 
was  liie  Northern  Transit  Area,  F.asi,  where  ten 
U-boats  were  destroyed  during  the  month,  nine  of 
them  by  aircraft.  Thiee  of  these  were  sunk  by  air¬ 
craft.  It  out  HAMS  I'cnrcr  which  was  escorting  a  con¬ 
voy  from  Russia  in  the  early  days  of  the  month.  Dur¬ 
ing  the  latter  part  of  May,  a  considerable  increase 
was  noted  in  the  number  of  Baltic  U-boats  cn  route 
to  the  Atlantic  via  the  Ircland-Farnes  passage.  For 
some  lime  past  the  operations  of  Allied  submarines 
against  enemy  shipping  in  Norwegian  waters  had 
prevented  aircraft  front  making  sweeps  in  this  area. 
The  eneiny  may  have  thought  lllill  he  could  safely 
relax  his  precautions  in  this  area  as  many  of  these 
U-boats  were  traveling  on  the  surface.  Coastal  Com¬ 
mand  aircraft  quickly  exploited  this  soil  spot,  sink¬ 
ing. six  U-boats  during  the  latter  part  of  the  month. 

The  small  number  of  U-boats  in  the  Mediterra¬ 
nean  was  further  depleted  as  four  U-boats  were’ 'de¬ 
stroyed  there  in  May  while  another  was  sunk  while 
attempting  to  pass  through  the  .Straits  of  Gibraltar. 
This  was  the  third  successful  attack  on  a  U-boat  as  a 
result  of  an  initial  MAD  contact.  The  lour  successful 
attacks  in  the  Mediterranean  deinousliaicAl  the  im¬ 
portance  of  persistence  and  the  value  of  close  coop¬ 
eration  between  aii'  and  surface  units.  Three  of  she 
four  hunts  involved  aircraft  as  well  as  surface  ciafl 
and  the  dma(Jioiis  of  the  actions  raligcd  from  22 
hours  to  Tti  hours.  This  record  action. -which  began 
on  .\lay  II,  was  ''culminated  on  the  I7rh  with  the 
sinking  of  a  U-boat  after  a  continuous  hunt  of  7(i 
hours  involving  eight  ships  and  three  planes.  The 
U  boats  in  the  Mediterranean  fought  back  strenu¬ 
ously,  sinking  one  merchant  vessel  and  two  escorts 
and  damaging  four  other  ships  during  the  month. . 

The  outstanding  cvcnl.of  the  month,  ami  probably 
the  outstanding  achievement  of  the  U -boat  war  by  a 
single  ship,  was  the  performance  of  the  dcstrover 
escort,  l MSS  England,  in  the  Pacific  front  Mav  19,  1 911 
to  May  31.  During  this  brief  period,  the  USS  England 
destroyed  live  Japanese  U-boats  and  was  assigned  the 
major  credit  in  the  destruction  of  .a  sixth  U-boat. 
The  Hedgehog  was  the  primary  weapon  used  in 
achieving  these  results.  This  series  of  attacks  resulted 
from  the  suspicion  that  a  force  of  about  live  Japanese 
U-hoats  was  patrolling  the  line  of  the  Equator,  to  the 
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tioiiliciisi  ol  Mu*  Ailiuiraliy  Islands,  Tbr  IkSS  I.ng- 
huul  was  arrom | Miiicd  by  I'SS  ( icorgr  and  Raby 
whi'ii  Mirvswrpf  I brough  this  area,  I  lu*  outstanding 
[htIoi  niaiu c  ol  i!u*  /England  is  Mu-  more*  rrmarkabii* 
in  that  it  was  Iut  first  contact  with  Mu*  cncim. 

I  hru*  was  some  i  rcdihlc  c\  iilcticc  Irotn  aircraft 
sightings  and  attacks  in  Mu*  final  week  ol  May  Mil  l 
that  two  or  nunc  l '-bouts  were  at  sea  in  the  Western 
English  (ihannel.  oil  the  I  reiuh  toast.  1  his  proved 
to  !>e  a  preview  o!  the  nature  ol  U-boat  operations  m 
tile  next  period  as,  lor  the  first  time  since  the  early 
da\s  ol  the  war.  the  l '-boats  returned  to  the  hazard¬ 
ous  shallow  coastal  waters  in  the  v  ii  iuilv  ol  England. 

I  hi* operation  was  possible  only  because  the  (  boats 
could  lake  advantage  ol  the  use  ol  N<  linorc  hel  and 
therein  reduce  their  exposm  e  to  aircraft  inHacks. 

fi-2  { iOUNTER M-EASH  R ES  TO  THE 

U-BOAT 

1  Convoys 

During  thb  period,  tin*  t '-boats  tried  several  modi¬ 
fications  ol  tlieir  previous  woll  pack  tactics  in  an 
effort,  to  gain  the  uppei  hand  in  their  attacks  on 
Allied  < otivovs. 

I  he  lit st  iiiodifuat ion  in  tactics  was  juaclc*  in  Sep 
k  inl  c-r  UM8  in  the  attacks  on  ihr  North  Atlantic 
comovs.  It  was  based  on  t]te  use  ol  the*  acoustic  lot* 
peclo  and  involved  attacking  Mu  ctscotis  lu\l,  with 
flie  objec  {jv  c  ,o{  rrcluc  ing  tin*  iottvov  debuses  to  a 
point  whetc  the*  merc  hant  ve  ssels  would  become  ca*v 
plev  lot.  the  I  I  oats.  Although.  sonic  escort  vessels 
weir  sunk,  the  objective  was  ncvei  accomplished, 
because-  at  l  his  stage  .ol  the*  wai  the:  Allj.es  were  using 
a  lat'jej  nnuibc  i  c»f  esc o|  ts  will t  the  com ovs  and.  had. 
a  Millie  iriitlv  huge  numbei  ol  antisubmarine  ships 
available  that  the  loss  ol  ;i  lew  event  is  would  not 
setiouslv  handuap  Inline  comow.  I  lir  e  I  hoai 
lac  I  ics  might  have  ptovecl  mol  e  c.llec  live  in  I  he  cat  I  v 
davs  ol  the  war  when  the  number  of  uiilivuhiiiui  ine 
ships  a v ailable  to  the  .Allies  was  extremely  limited. 

1  hr  second  modification  was  made  in  November 
If)  f‘»  in  I  he  at  lac  ks  on  the  c  on  v  ovs  bet  ween  Gibraltar 
and  the*  Dili  led  Kingdom.  I'll  is  <  bange  in  tac  tics  was 
forced  on  tbe  I  -boats  In  the  hcavv  Allied  ail  cover¬ 
age*  nj  the  North  Atlantic  winch  prevented  die 
(  -boats  from  operating  on  tbe  surface  in  the  day¬ 
time  and  tltcrebv  prevented  the  cone  (  titration  of  a 
large  number  ol  l .'-boats  around  a  convov.  i  lie  tac¬ 
tics  adopted  by  die  enemy  involved  .stationing  small 


packs  of  l  ’-boats  along  tbe  path  of  the  convoy,  hong 
range  aircraft  from  Bordeaux  were  used  to  shadow 
Allied  convovs  during  the  day.  Reports  of  the  air 
lemnnnissatu e  were  passed  on  10  tbe  U-boat  packs, 
which  then  attempted  to  maneuver  into  a  favorable 
position  lot  a  niglii  attack.  Ibis  change  in  Ladies 
came  a  little  late,  too.  since  living  facilities  bad  be¬ 
come  available  in  tbe  Azores  in  October  11)18.  Several 
convoys  were  intercepted  by  the  U-boats,  but  strong 

vnnnorl  l»v  nrftimv  find  hmrl-i  v.»vr>d  '.urn".:!! 
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brought  llic  convoys  s;i  I  cl  y  through  with  only  i  lff*- 
ligilile  damage. 

ilu-  third  mm  I  dual  inn  in  ll-hoal  tactits,  made 
after  the  setback  in  November  MM3,  involved  die 
almost  complete  iibaiidoiimeiil  ol  the  old.  highly 
organi/ed  woll  pack  attacks.  Concentrations  ol 
l  boats  were  still  mainiained  in  the  North  Atlantic 
hut  attacks  were  generally  made  by  individual 
I  I'hoats  who  happened  to  find  themselves  in  :t  lavor- 
tthie  position  -to  attack  a  convov.  Although  these 
l  Imat  tat  tit  s  were  much  less  cllci live  against  Allied 
shipping,  tlu  v  did  enable  the  l  '  boats  to  remain  sub- 
i Helped  during  the  daytime.  The  scarcity  ol  supply 
l  boats  may  have  also  bcc,n  a  laitor  in  this  drastic 
mi  id  du  a  I  ion  ol  wolf-park  ladies,  which  had  been 
predicated  on  high  speed  snrhiic  operations  of  the 
1  -boats,  t <<) ii irittjn  high  litcl  ciinsumplinn. 

I  hese  hit  ih*  attempts  b\  (he  t'-boals  had  vert 
little -sin  less.  Only  about  six  ships  a  month  .were 
sail!,  by  IMioat:,  ftom  Allied  convoys.  The  mintage 
stink  It  dm  i  on  soy  s  by  t  he  l.' -boats  n  as  mils  about  10 
pel  (cut  ol  the  total  tonnage  sunk  by  (Item,  I  lu*  di¬ 
gue  ol  salc-lv  real  lied  In  ciinsincd  shipping  during 
this  period  is  wi  ll  illustrated  by  the  .experu  mcs  ol 
the  Ninth  Atlantii  trade,  iiinvovs  (IIX.  S(.;.  OX, 
ONS).  Ol  the  900  ships  that  sailed  monthly  in  these 
cumins,  onlv  about  I  ni,  were  sunk  each  month  hv 
I '-boats.  I  his- represen  lei  I  a  loss  rate, of  only  about 
one  sinking  per  liOf)  transatlantic  trips.  This  high 
degree  ol  salel  y  I  loin  l.-'- 1  mats  was  I  y  pica  I  ol  I  he  other 
i  onvoy  s\ stems  as  well.- 

One  of  the  primary  reasons  lot:  the  ineffectiveness 
n|  the  l '  boats  against  Allied  convoys  was  poor 
['-boat  morale,  as  evidenced  by  their  failure  to  press 
home  titlark;  on  convoys  once  thev  were  delected.  It 
is  inn  diliii  i, ii  in  see  the  it-asiius  Ini  ibis  lack  o!  ag¬ 
gressiveness.  In  the  early  months  of  1913.  Allied 
bombers  had  reduced  the  Biscay  ports  to  heaps  of 
stones,  i  hough  they  could  not  gel  at  the  U-boats  in 
their  shelters,  these  raids  deprived  the  ll-hoal  crews 
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ol  all  l>m  (lie  moM  ]>i  imiiivc  facilities  alter  ihcv  hail 
come  hack.  through  roniimialli  mined  wains.  from 
long,  exhaustive,  dangerous.  and  now  iiiisnn  i-ssltil 
patrols.  i  n  i-cai  h  l he  \orlh  Allanlie,  the  U  boats 
had  in  lmireei!  submerged  through  ihe  Kav  ol’  IJisniv 
loi  i!n'  liisi  Ini'  in  mn  i  la  vs  in  i  heir  jialroi,  surhii  uig 
for  only  a  few  hours  after  in n In i" h I .  To  (mil  (he 
ioiivov.  (lie  l'-l>oais  had  in  pass  through  die  areas 
rcmorsclcsslv  swepi  hr  conn  ini'  aii'irali.  anti  when 
ihe  U-boats  sighted  ihe  convoys,  they  found  more 
numerous  and  heller  eipiipped  escorts  manned  by 
more  highly  trained  i  lews. 

An  anahsis  of  atlarks  on  shipping  In  U-boats.  in¬ 
dicating  some  ol  (he  faelors  governing  (he  safelv  ol 
ships  against  U-boat  attacks.  was  made  (lining  ibis 
period  and  had  considerable  iiilliicnir  on  Allied 
measures  Ini  ihe  protection  of  shipping.  This  study 
indicated  dial  (he  salclv  ol  tudiqictidi-ns  shijis  dc- 
pended  verv  mtiih  on  die  speed  ol  die  ship,  with  the 
IL'to  I  I  Is  in  >t  legion  being  ci.it  if  :i  I.  A  12-knoi  ship 
had  about  three  times  the  probability  ol  being  stink 
as  a  I  l-ktiol  ship  making  the  same  trip.  I  he  cxplana- 
lion  ol  ibis  appears  to  lie  that  die  I'-boat  laimol,  in 
gcuciul,  lolli.ivv  a  ship  ol  l-l  knots  oi  ahme  Ini  am 
length  ol  time  and  if  it  is  not  in  a  snitalile  position 
to  make  a  submerged  attack  iinmeilialeli,  tin  ship 
will  estiipe,  I  he  I  boat  can  follow  slower,  ships  on. 
i  lie  stn  lai  e,  at  a  su  it  able  dislam  e.  win  king  roll  lid  to  a 
position  I  I'm  n  whiilt  it  ran  ai.taik  on  the  surface  at 
night. 

.  . .’Speed  w as  a  signilu  ant  lai  tm  in  the  sale! y  ol  ion 
soled  shipping  uni'  when  air  escort  was  present. 

I  his  stud's  showed  that  die  9-knor  convoys  were  eon 
s’iili-labli  sal'ei  than  the  7  knot  cons  oys  when  ail 
fin ei  was  ;niiil|ihli',  When  i  Ijei  e  was  no  aii  estoi  i.  the 
I'-boal  <  on  Ilf  proi  ceil  towards  die  miiim  at  high 
sill  hu  e  speeds  anil  die  cm  I  a  2  knots  dill  I  ii  I  ie  in  pi  e- 
u  ni  the  L'-boat  Ii  mn  out 'hauling  it .  'ViHilher  strik¬ 
ing  resiflt  wliiili  emerged  Imm  this  analysis  was  that 
tile  number  ol  ships  sunk  was  iimglijy  independent 
ol  the  si/e  ol  the  uinvov  as  long  as  the  nniuher  of 
esi  in  Is  was  l he  slime.  I  Ills  ineanl  that  large  i  (minis 
would  lose,  on  the  average,  a  smaller  pereentage  ol 
ships  lo  I'  boat  aflaik  and  lliev  would- also  lie  more 
crononiicnl  i ;  the  use  ol  csioi  ls. 

The  a \  crat*e  si/e  ol  l  lie  Not  tit  At  lain  ie  n  tide  i.iui- 
vnys  ini  reused  glailualli  during  this  period,  rising 
horn  about  Ili  in  .Man  h  1912  to  ahntit  iu  in  March 
Id  I  I.  In  April  I9-U  i  ei  lain  i  hanges  were  made  ili  die 
Xol  ill  Atlantic  Como  v  silieilules  ill  order  1 ,  i.-.u-i 


several  rsrori  groups  to  lie  withdrawn  from  convoy 
duly  for  use  in  die  invasion.  'I'lie  HX  and  OX  eon 
voy  speeds  were  changed  from  10  knots  lo  8,  9,  and  10 
knots  in  rotation,  with  die  sullix  ,S,  ami  f  desig¬ 
nating  diese  respective  speeds,  while  die  slow  .SC 
ami  OX'S  convoys  were  abolished.  Tile  average  sail¬ 
ing  inters  al  between  convoys  stayed  at  7i/>  (lavs  so 
that  only  four  convoys  sailed  each  way  monthly, 
instead  ol  si.s.  This  produced  a  substantial  increase 
ui  the  average  si/e  of  these  convoys.  The  average  size 
ol  these  convoys  was  98  in  May  I!)  If  and  HXM  292, 
consisting  of  I.S-i  ships  and  sis  escorts,  was  the  largest 
cousin  ol  the  war  to  dial  dale. 

The  danger  from  f.'-hoal  attack  in  die  Western 
Allanlie  was  so  low  during  most  of  this  period  that 
il  was  possible  to  allow  .some  shipping  from  the  U.  S. 
coast  id  convoys  lo  sail  independently  whenever  a  lull 
■  it  f.-hoat  activity  occurred.  1  lie  program  was  kept 
flexible  in  order  lo  maintain  a  balance  her  ween  the 
flic  leased  safely  of  convoyed  shipping  and  the  loss  of 
lime  due  to  ships  uniting  in  ports  for  convoys  and 
sailing  at  -slower  ioiivov  speeds,  l-ast  merchant  Vessels 
(generally  I  I  knots  ipnl  over),  with  the  exception  of 
those  carrying  .high  priority  cargo. were  able  to  sail 
independently,  along  the*  coast  during  much  of  this 
period.  WhencuT  the  danger  of  a  IJ-boat  attack  ap¬ 
peared  imminent,  independent  shipping  was  ordered 
into  poll  to  await  the  next  convoy.  In  some  eases, 
where  salcly  permitted,  entile  convoys  were  dis- 
petseil  and  the  ships  proceeded  alone  to  their 
ili-si  inatioii. 

Aircraft 

'I  lie. "bailie  between  I '-boats  and  aircraft  leached 
its  eljmax  at  the  beginning  of  this  period,  in  July 
Midi.  Ilu  l '-boats,  cijttippeil  with  improved,  an  I  i- 
aircralt  armament  in  the  form  of  the  quadruple  20- 
nim  gun,  were  traveling  on  the  surface  (luring'  the 
daytime  anil  were  lighting  hack  against  aircraft: 
They’ also  traveled  through  the  Kay  of  Biscay  in 
groups  for  mutual  protection. 

As  a  result  ol  their  disastrous  experience  in  July 
191.'!  when  .'! I  U-boats  were  sunk  in  the  Allanlie  by 
aircrnl!,  the  ('-boats  were. forced  to  abandon  these 
aggiessiie  laities.  I'lie  enemy  wali/eil  that  the 
U-boals  were  beaten  and  decided  upon  more  cau¬ 
tions  tallies  that  favored  self-preserval ion  of  the 
U-boat  flee!  until  new  technical  equipment  and 
modified  U-boats  could  turn  the  tide.  These  new 
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inciirs  involved  complete  submergence  ol  the  U-boais 
during  the  daytime.  Ehe  lad  lhat  aircraft  had  swept 
the  U-boats  from  the  surface  during  the  daylight 
hours  constituted  a  real  triumph  for  the  Allies,  as 
U-boats,  rubbed  of  their  aggressiveness  and  mobility, 
lost  a  ureal  deal  of  their  eHeo!  arac-v*. 

The  new  tactics  lir.st  betaine  apparent  in  August 
19-13  in  the  critical  Bay  of  Biscay  transit,  area.  The 
t  -boats  reverted  to  .surfacing  ai  night  for  the  mini- 
mum  time*  necevsarv  for  charging  batteries,  in  addi¬ 
tion.  the)  made  the  transit  hugging  (lie  coast  ol 
Spain,  where  ii  was  rather  dillirult  lor  the  Leigh- 
Light  Wellingtons  to  patrol  because  of  their  limited 
range. 

iliese  c  hanges  had  a  prnimmd  effect  on  the  Bay  of 
Biscay  campaign,  and  the  pmductivit)  ol  Allied 
living  was  greatly  minced.  About  /BOO  hours  were 
down  monthly  in  the*  Bay  din  ing  du;  .Vnmnth  period 
from  August  19-J3  through  December  1913,  I  best* 
living  hours  )  ielded  olds  12  .sightings,  six  attac  hs.  and 
one  kill  .t  month.  Thus,  although  the- 11  \  ing  ell  on  was 
greater  than  during  ilic  pieceding  peak  period  (l*el>- 
riiarv  MM3  -  J ills  1913),  the  tesulm  a(hie\ed  were 
only  one  filth  as  great.  Ohl)  pari  ol  t  his  dec  reuse  <  an 
he  explained  hv  ihc  chop  in  the  number  ol  l ’-boat 
transits  Imiu  100  a  month  in  the  pres  ions  period  to 
only  about  l:>  a  monlf)  dm  ing  this  pel  iod.  The  a\ei  - 
age  number  ol sightings  per  1 000  hours  on  paitol 
dtojjped  to  oid\  two  and  olds  2a  per  cent  ol  the 
U-boal  liansits  weie  sighlc-cl.  I.  he  cllie  iem.v  index 
(sightings  per  |o00  jjving  bouts  pat  to!  per  S00 
U-boat  Itansiisj  chopped  hom  nine  in  the  pres  ions 
pet  iod  to  on-ls  |om  . 

l  lte  l  -boats'  poliev  d'|  maximum  submergence 
dm  ing  the  das  lime  pm  gicij.1  pre.ssitre  on  tile  desei 
op  me  i  M  oi  suitable  ecpiipnieiit  and  tactics  to  enable 
the  air  ollcnsivc  to  he  maimaiiled  dining  the  night... 
Considerable  effort  was  deemed  to  the  deseiopmejil 
of  scare  I)  lights  and  Hat  eS  that  won  Id  improve-  the  loss 
elfec  live  nc*xs  ol  night  attac  ks,  and  the  fn  si  aiutc  k  on  a 
l  -boat  hs  a  t  .  S.  scare  lilight-ecptipped  plane  was 
made  in  Deccinbei  1913  hs  a  BUM  Irom  I  i  iiudad.  In 
addition,  scpiachoits  is  etc  n  allied  in  night  opera¬ 
tions  Irom  esc  oil  carrieis. 

Coastal  Command  made  a  great  rlloil  to  increase* 
the  amount  of  rileciive  night  thing  in  the  Bas  ol 
Hisca)  h)  ;iKicasiiig  tin-  iiinnhei  of  long-range 
scan  Idiglii-ecptipped  planes.  I.eigii  iighls  Were  fitted 
to  laboratory  as  well  as  to  acldiiional  scpiadrons  ol 
WeJ  litigious  I  he  cllec  (ivenev,  ol  ibis  imieased 


amount  ol  night  Hying  was  counteracted  by  I  lie 
U-boats’  use  ol  the  Naxos  GSR,  which  detected 
Allied  S-hand  (l()-cm)  racial*.  The  enemy  started  fit¬ 
ting  his  { J  boats  with  t his ecpi  jpmeni  in  Oc  tober  19-13. 
I  he  net  elfec  (  ol  these  c  hanges  was  a  small  increase 
in  the  number  oi  .sightings  in  the  Bay  ol  Biscay. 
About  20  sightings  and  if)  attacks  were  made 
monthly  in  the  Bay  during  the  first  five  monLhs  of 
i Dll.  However,  the  clleri unless  of  Allied  Hying  in 
the  previous  peak  jiericxl  was  not  even  :*i>m-oached. 

U.  -S.  Navy  planes  panic  ipatc-d  iti  tin  Bay  of  Biscay 
offensive  during  this  period  under  the-  operational 
control  ol  Coastal  Command.  When  the  U-boat  situ¬ 
ation  along  the  East  Coast  of  the  United  States 
started  easing  up  in  August  MM3,  the  U.  S.  Army 
Ant i-Snhniarine  Command  was  withdrawn  from 
antisubmarine  operations.  The  U.  S.  Armv  Air 
luirres  scjmidrons  which  had  bee  n  operating  in  Eng¬ 
land  were  n  licw-d  by  U.  S.  Navy  Liberators.  The 
L.  S.  \ a \  v  planes  in  England  constituted  Elect  Air 
Wing  7. 

Carrier-based  aircraft  emerged  as  one  of  the  most 
dangt  iuu.s  e  iiemies  ol  the  U-boat  during  this  period. 

I  he  V.  S.  escort  carriers  look  the  offensive  against 
(he-  (  boat  in  regions  .outside  tin*  range  of  shore- 
based  aCMialt,  especially  in  possible  refueling  areas 
for  the  l  boats.  'This  ollcn.sivc  was  remarkably  sue - 
<c-ss|id  and  tvudeied  most  ol  the  Atlantic unsafe  for 
Mil  be, eel  l  ’  boats. 

Ilu-  l  .3.  escort  Carrier  [( AT.J  operating  wifli  a 
Mici  ii  of  about  If »ui  dest rovers  or  ties  l  rover  escorts, 
composed  a  task  group,  assigned  to  antisubmarine 
wai  tare  in  the-  Atlantic!  I  he  primal*)  missioned  fix* 
‘ask  gionp  was.  to.  picitc  c  (  eonvovs  while  the  semnd- 
ai  v  .mission  was  to  seat  c  h  otil  and  destroy  the  [  -boats. 

I  liese  task  groups  operated  with  the  eonvovs  be¬ 
tween  the  l  nMed  States  and  Cihraltar.  That  die 
primari  mission  was  ,u  <  om plidied  tnav  be  seen  front 
die  fact  that  220vl  ships  (tossed  the  Atlantic  in  dir 
CL  and  UC  ccmvovs  Irom  May  MM3  through  De¬ 
cember  J9i-3  and  otdv  «»m*  ship  was  sunk  hv  U-boat 
at  t  ion, 

A  stud)  ol  attack-,  made  hv  U.  .S.  CV'E-basctl  air- 
cialt  din  ing  ibis  pet  iod  prov  ides  some  evidence  dial 
iheii  seeondai)  mission  was  also  fulfilled.  About  28 
days  were  spent  in  [  -boat  waters  on  Lite  average 
cruise  anu  about,  at)  plane  hours  were  Mown  per  dav. 
While-  in  I '-float  waters,  one  sighting  was  made  for 
ever)  (iUU  living  hours.  Six* \  of  die  58  sight ings 
si  tidied  resulted  in  an  attack  and  about  ft)  per  (rin. 
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of  i  hr  attacks  resulted  in  the  sinking  of  I  he  U-hoat. 
The  high  tjiniliiv  ol  these  ailac  ks  was  tint*  in  a  large 
pan  10  I  he  ahiliiv  of  the  Iasi  (A’K-based  planes  lo 
surprise  (he  l5  Boat  and  attack  it  while  it  was  still  on 
tiic*  .sin  fare.  Another  factor  in  the  success  ol  these 
attacks  was  die  rooperat ion  between  the1  K1K  fighter 
planes,  who  strafed  the  l ‘  boat,  and  the  !  BK 
he  >m  hers. 

The  British  escort  carriers.  o|Kiating  in  the  very 
Iv-irl  weal  Iter  of  the  Ate  lie.  j>ja\  e<|  a  major  role  in  gel¬ 
ling  thi‘  Russian  c omens  through.  1  he  North  Rus¬ 
sian  innxox.x  were  started  again  about.  November 
1913  after  ha\  ing  stopped  running  in  March  19-13. 
Kite*  sink in,(  of  the  .»_>//'.»*>/  was  the  most  pub¬ 

licized  part  ol  this  battle.  I  he  l '*ho;tts  accomplished 
much  less  against  these  sonvovs  dm  ing  this  period 
than  in  ilu  past .1  lining  the  pel  iud  bom  December 
1913  through  Max.  1911,  the  f  -hoats  sank  only  five 
merchant  vessels  and  two  destroxejs  from  these  con- 
x ox s  while  I  I  I'-hcials  wore  sunk.  British  escort  c  ar- 
rieis  phtxed  a  major  role,  contributing  sis  ol  the  I  I 
I'-houl  kills.  In  one  round  trip  ol  Mi  days,  with  only 
eight  (lavs  ol  operational  living.  Swordfish  planes 
horn  1 1  MS  Chnsrr  sighted  li I  l,' '-heats,  attac  ked  If), 
and  with  the  aid  of  surface  ciali  sank  three*  ol  them. 

Rocket  piojec  tiles  xveie  used  xctx  smccsslully  by 
the:  lit  i  t  ish  c  an  iei  based  aim. ill  (lining  this  period. 
(  lie  Inst  jockel  attacks  bv  (  .  S.  plane  s  W\  re  made  in 
jamian  1911  b\  aimaft  lion:  |be  I  .’NS  fthu  I:  hhuul. 
J  he  b- boat  was  sunk;  limwxo.  it  was  diili<uli  to 
dec  ide  w  hellter  the  sinking  \v:ih.cIiu  to  the  rockets 
c»  to  depth  c hatges  which  wear  ;i  Kn  used  in  the 
attack. 

I  he  ielhalilx  ol  aiic  i  al t  ailac  ks  during  this  period 
was  inoie  than  twice  as  high  as  it  had  been  in  the 
previous  pej  iod.  About  L'a  pci  cent  ol  the  aircraft 
atlac  ks  -made  .oil  the  l  -boats  in  the -Atlantic  and 
Mrdhet  t  aiteati  lesulled  in  the  dc  sti  u<  lion  ol  the 
l  boat  while  about  10  pet  cent  ol  the  attacks  i  e 
.sillied  in  at  least  some -damage  to  it.  I  lie  ellec  t  i  vviiess 
ol  aiiVialt  attacks  in  the  lust  hall  of  1911  was  loxvei 
than  the  peak  leached  dining  tile  last  hall  ol  1913 
when  some  ['-boats  were  still  Maying  on  the  surface* 
and  lighting  back.  This  lalliug  oil  in  ellctti veiiess 
also  rc'llecied  the  I'-hoais’  tactics  ol  ma\iiimm  sub- 
mergence:  during  the  dnviime  as  a  muc  h  laiwt  pro- 
portion  ol  aiicralt  attacks,  during  the  first  hail  ol 
1911.  xveit:  made*  at  night.  1  "lie  accuracy  of  night 
attacks  was  always  much  lower  than  that  of  day 
attacks. 


IU’"  Scientific  and  Technical 

!  lie  decisive  deleal  siillcrccl  by  llic  l!  boats  (lin  ing 
die  prc\  ions  period  seemed  in  have  stimulated  Ger¬ 
man  seient ilie  and  tedmieal  progress  and  a  number 
of  radical  changes  were  made  in  U-boal  weapons  and 
e(p:ipmo:i!  during  ibis  period. 

due  of  the  changes  in  U-boal  weapons  involved 
die  repiaeeineiit  of  the  (piadruple  20-mm  antiaircraft 
gun  mourn  by  a  new  rapid-firing  M7-mm  antiaircraft 
gun.  U-boat  torpedoes  were  e<pi  ipped  with  I’  A  I  gear 
lor  use  against  convows.  This  gear  caused  the  torpedo 
to  describe  a  zigzag  course  and  thereby  increased  the 
probability  of  :*.  ‘lit.  i  lie  major  change  in  U-boat 
weapons  was  the  iturodiK  lion  of  the  T-5  torpedo,  a 
21  inch  electrically  driven  acoustic  homing  torpedo. 
The  speed  ol  the  T-5  torpedo  was  about  25  knots  and 
its  range  about  (iOdO  yards.  This  torpedo  homed  on 
the  noise  ol  the  target’s  propellers  and  its  homing 
radius  on  a  1 5  knot  escort  was  usually  over  500  yards. 

1  be  Allies  immediately  introduced  countermeas¬ 
ures  to  the  acoustic  torpedo.  The  British  twin 
KOXER  (towed  parallel-bar  nojsemakcrs  used  to 
decoy  the  acoustic  torpedo  from  (he  ship)  was  horn 
t litre  months  before  the  first  acoustic  torpedo  attack 
took  place.  A  complete  escort  group  was  lilted  with 
twin  I-'OXERS  17  tins  s  alter  the  first  attack.  U.  S. 
ships  were  fitted  with  I  X  R  gear,  tvltii  It  was  similar  lo 
the  Btiiisb  erpiipment  but  involved  only  a  single 
noise.in.'tkei .  Mbps  lowing  noisemakers  or  proc  eeding 
til  speeds  gieater  than  21  knots,  or  less  than  7  knots 
wen-  (ousideieil  to  be  ichtuvciv  sale  Iidiii  acoustic 
loiprdo  atlaiks.  (fillet  ships  wet e  instructed  to  use 
tile  step-aside  procedure  u'hcti  ((inducting  attacks  on 
U-boats  which  might  lire  an  aeoustie  torpedo.  This 
was  a  special  radical  mi.cleiivcr,  involving  a  radical 
change  inoinlse  when  llie-l ''-boat.  is. approached,  de¬ 
signed  to  n-miise  the escort  vessel  from  the  most  prob¬ 
able  danger  at.ea  bout  acoustic  'torpedoes. 

I  lie  use  ol  these  lowed  noisemakers  was  Unpopu¬ 
lar  on  many  ships  due  lo  the:  inconvenience  involved 
in  streaming  and  recovering  the  gear,  to  die  reduc¬ 
tion  in  mancuwiabilily,  and  also  to  tile  interference 
with  the  sonar  ec|tiipineut.  However,  the  noisemakers 
were  undoubtedly  cllrctive  against  the  acoustic  tor¬ 
pedo.  A  lion  (  ‘J2  escorts  and  !9  men  ham  vessels  arc 
estimated  to  have  been  hit  by  acoustic  torpedoes  dur¬ 
ing  the  war.  Very  lew  ol  these  casualties  occurred 
when  either  the  recommended  tactical  procedure 
was  used,  or  the  lowed  noisemakers  were  working 
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})m|K*rIy.  Although  llu*  acoustic  torpedo  was  more 
likely  lo  score  a  liil  lhan  a  oni'iual  torpedo,  (here 
were  many  cases  of  malfunctioning  ol  the  del  kale 
mechanisms  i : l \ ; :  i  \ ed  amt  tlui.se  toi  pedocs  that  <11(1 
liii  were  less  likely  to  sink  the  ship  due  to  the  feel 
thill  ihev  usiiiillv  liii  in  the  stern. 

Tile  radar  battle  continued  to  play  a  proiliiiieiit 
part  in  the  U-boat  war  dining  this  period.  In  the 
.summer  of  I9TI,  Admiral  Doc-nil/  said,  "  I  lit-  inelh- 
ods  in  ladio  location  which  tile  Allies  have  inlro- 
dimed  have  conquered  the  U-boat  liie-iiarv.  Ibm- 
ever,  tile  German  High  Command  did  introduce 
Mime  elleclive  countermeasures  in  the  fields  ol  radio 
communication  and  radar  delect  ion  during  this 
period,  mainly  because  Ceriuati  Intelligence  finally 
beet  me  aware  oil  In'  mil  me  ol  Allied  ci|ii  ipmetil . 

The  major  German  scientific  cflnrl  was  pul  into 
the  development  of  a  search  receiver  that  could  de¬ 
led  Allied  radar  transmissions.  At  the  beginning  ol 
i  li  is  period  l  he  enemv  still  had  no  idea  as  lo  what  had 
caused  the  huge  in<  tease  in  sightings  and  attacks  on 
U-boats.  The  German  searc  h  receiver  had  been  im¬ 
proved  bv  the  lining  ol  a  drum-shaped  aerial  (wire- 
basket!  which  did  not  have  to  be  removed  when  the 
I  -boat  dived.  A  belter  receiver  (Wan/  G-l)  had  been 
pet  Idled  and  was  being  lilted  on  U-boats.  This 
served  to  inline  tin  amount  of  radiation,  from  tile 
set  ilsell  but  did  not  help  the  U  boat  sit ua I  ion  at.  all 
as  it  could  only' dr-tet  l  tadiaiioii  ol  wavelengths 
greater  I  ban  ISO  mi.  ')  he  Germans  then  intiothtt  etl 
I  lie  hoi  kimi  ret  eiu-i ,  a  much  less  sensitive  <  ry si ul  dc. 
let  lor  fovering  llit:  ili  u>  .'100  <  m  band,  .whit  h  pto 
dined  no  t atllat ion  at  all. 

.Sei  ions  as  were  the  nil  media  le  ellet  Is  ol  these  t-n  ors 
ol  judgment  lor  the  Gel  mans,  they- -extended  lar  be 
solid  their  original  limits.  I  lies  engendered  in  the 
minds  ol  L'-boat  c  aptains  a  b  ar  lesi  tiles  should  ho¬ 
llas  their  piesente.  and  with  ibis  IVat  a  distiiist  ol 
Admiral  Doenii/ tec  Imical  advisers. 

Filially.  in  Stpienilxi  l!M.*t.  the  U  boa  I  toiiniiand 
rcrogni/eci  that  10  im  radar  was  being  used  against 
them.  The  German  Air  l-'orrc  had  t apt nred  the  blind 
bombing  aid,  1 1-.S.  whit  It  updated  oil  the  10-cin 
band,  in  March  I!)  If!  and  alter  a  period  ol  six  months 
this  inloi  mat  ion  liualls  lihered  ihrongli  to  the  Get  - 
man  \asv.  As  the  simplest  <  on  men  Measure,  and  still 
under  tile  influent --  of  their  fear  of  radiating,  the 
Germans  pmtluted  in  October  191.8  a  crystal  detec¬ 
tor  recelvc-l ,  the  Naxos,  fur  the  8-  to  12  <  m  hand.  I  lie 
fir. si  models  tvcie  « 1 1  it  It-  portid.-'c  units  motintetl  on 


a  slick,  rhes  were  not  pressure-light  and  had  to  he 
passed  below  before  dising.  The  maximum  theo¬ 
retical  ranges  on  Allied  radar  sets  varied  Imm  about 
ft  lo  It)  miles,  bin  there  was  a  considerable  loss  of 
t-llic  idles  under  operational  conditions. 

The  inirothtelifin  of  the  Naxos  search  receiver  tlitl 
retluee  the  number  of  sightings  and  attacks  on 
I  '-boats  and  the  number  ol  disappearing  contacts  on 
Allied  radar  sets  increased.  However,  many  U-boats 
coni  iiincd  to  be  sin  pi  ised  successfully,  due  to  the  losv 
eiin  ietit  y  of  tile  gear,  anti  it  was  evident  to  the  Ger¬ 
mans  that  they  still  tlitl  not  bas  e  the  final  solution  lo 
the  radar  problem.  The  (l-hoat  command  look  the 
sli  p  ol  sending  to  sea  a  U-boaL  fully  equipped  to  in¬ 
vestigate  every  typ<-  of  Allied  radar  and  carrying  one 
of  their  best  technicians  with  operational  experience. 
He  sailed  from  Si.  Xa/aire  in  U-IOO  on  February  ft, 
19-11.  and  was  captured  when. the  U-boat  ssas  stink 
by  I  IMS  S'/try  on  February  18.  A  similarly  equipped 
U-boat  suffered  the  same  fate  ill  Aprtl  19-1-1.  These 
losses  probably  set.  back  die  German  radar  counter¬ 
measures  program  considerably. 

Since  the  Allies  were  vscll  aware  of  the  potential 
diet  t  iveness  of  an  S-band  search  receiver,  there  were 
Ircquetn  lalse  alarms  reporting  the  inlrtidtieiion  of  a 
new  GSR  before  any  existed.  The  intelligence  about 
Xuxos.  (lie  im  tease  in  disappearing  radar  contacts, 
and  the  diop  in  U-boai  sigh*, "tigs  produced  immedi- 
aie  Allied  reactions.  I'liete  -vtre  a  few  cases  where 
S-band  racial  sets  were  Hit ned  oil.  Steps  were  taken 
lo  develop  attenuators,  which  caused  a  shew  and 
stead)  decrease  in  li aiismil led  power  as  tilt'  i tinge 
dosed,  in  older  to  confuse  GSR  operators.  Art  in¬ 
let  im  latiic  of  a  "l ill-beam''  approach  lo  reduce  sig¬ 
nal  intensity  as  (lie  -range  closed  was  piopOscd  hut 
ibis  pi iived  t alitor  difficult  to  carry  out  in  actual 
practice'.  In  addition,  ip  creased  pressure  was  pul  bit 
the  development  and  Irf-Vcg  ol  X-bapd  radar  (M-em 
wave-lengthy 

The  general  ccnV  ttsion  was  lb.  i  S-bapd.  radars 
should  not  be  Hinted  oil,  due  to  l/uir  m  <*’ 'greater 
search  width  as  compared  lo  visual  sc  v.' n  and  a,.-< 
to  the  lac  i  that  te  Xuxos  sets  were  inc-lln  ieut  and 
sightings  and  attacks  continued  lo  he  made  cut 
l ’-boats  with  GSR.  In  addition,  the  very  fact  that 
aiicralt  vve-rv  causing  the  U-boats  to  subuierge,  there¬ 
by  blinding  and  partially  immobilizing  them,  greatly 
reduced  cite  elleetiveitc ss  of  t lie  U-boats  in  sinking 
ships. 

Th.1  Germans  produced  a  numbet  of  other  devel- 
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inn  Equipment  to  let  the  operator  see,  for  every  ping, 
whether  the  target  producing  the  echo  was  to  the 
right,  or  left  of  the  hearing  of  the  projector  The 
operator  could,  therefore,  determine  the  bearing  of 
the  target  with  greater  arrurac)  and  rapidity  than 
with  standard  echo  ranging  equipment  alone. 

Two  new  types  of  depth  charges  tame  into  use  on 
U.  S.  ships  during  litis  period.  The  Mark  8  depth 
charge  was  fitted  wiLh  a  magnetic  proximity  fu/e 
which  was  designed  to  detonate  when  within  lethal 
range  ol  the  U-boat.  The  Mark  !)  depth  charge  was 
steel-cased  and  shaped  so  as  to  have  a  fast  sinking 
rale,  thereby  retiming  the  blind  time  and  conse¬ 
quently  the  elleci  of  l !  boat  maneuvers,  both  these 
new  depth  (barges  were  designed  to  increase  the 
lethality  of  surface  craft  attacks  on  U-boats. 

'Hie  British  alsq  improved  the  antisubmarine 
equipment  on  their  ships  during  thin  iieriod,  buy 
along  different  lines  than  the  U.  S.  Navy.  The 
■Squid,  which  is  designed  to  throw  depth  t  barges 
ahead  of  the  ship  and  is  automatically  toinrolled  and 
operated,  ( ante  into  sen  ice  at  the  beginning  of  If)  I  I. 
It  employs  a  .'i-harreletl  mortar,  cite  1 1  italic  fired,  de¬ 
signed  to  discharge*  bombs  ahead  of  the  attacking 
ship.  I  hose  honths.t  losely  resemble  depth  c  barges  in 
Weight  and  explosive  elleci  but  have  lliij  billowing 
advantages  over depth  <  hinges: 

1.  I  hey  ilrt  projected  with  airman  to  a  known 
point,  well  ahead,  while  the  ill  tat  kitig  ship  is  si  ill  in 
Asdic  contact  with  the  l '  boat. 

2,  I  hey  have  a  reliable  imdrnvatct  i  om  se. 

-  ■'  I  hey  have  a  nnuh  Itighri  sinking  S| H'CC I. 

1.  i  hey  incorporate  a  new  Ivpe  ol  lu/e  which  is 
set  aiiloma'|ic;itlly,.  to  the  required  depth  with  a  high 
degree  ol  at  c  maty,.  . 

I  he  depth  is  set  on  the  lutes  electric  allv  It  out  the 
Hew  Type  I-17B  Asdic  depth  predictor.  1  he  mentals 
ate  (i red  atiioinalie  ally  from  the  Asdic  range  re¬ 
corder.  I  he  flu'cr  eh  urges  are  "thro  wit  to  the  points 
of  an  equilateral  itialighf.  When  two  mortals  .like 
lilted,  its  in  I  ligates,  the  pallet  it  is  in  I  wo  depth  I  a  yets. 

i  l.u:  J  vpe  M7B  Asdic  depth  pi  edit  lot  was  , de¬ 
veloped  primarily  lor  use  with  the  Squid,  so  as  to 
obtain  a  nieasicreiiiei.lt  ol  the  depth  ol  the  ll-hoai 
just  helot e  the  projectiles  ate  (ired.  However,  the 
J  vpe  1 7-1 15  depth  predictor,  in  conjunction  with  the 
appropriate  range  and  beating  recorders  and  Q  at¬ 
tachment.  c  an  also  lie  used  in  I  leclgefiog  and  depth*  - 
charge  attacks.  I  V|>c  I  J/B  uses  a  jaii-sli;qiecl  beam  ol 
high  lrecpiciuy  sound  (50  kcj  which  may  i.„.  de¬ 


pressed  down  to  -15°  below  the  hori/ontal.  The  beam 
of  sound  is  broad  in  the  horizontal  plane  (80°  tej  -10° 
on  either  bow)  and  narrow  in  the  vertical  plane  (2° 
to  3"  oil  axis).  'I  Vials  have  shown  that  the  set  is  cap¬ 
able  ol  setting  the  Squid  litres  to  within  about  20 
feel  of  the  depth  of  the  U-boat,  provided  it  is  below 
100  feet.  At  shallower  depths  it  is  not  possible  to  get 
accurate'  measurements.  It  is  possible  to  make  acett- 
tatc.  attacks  on  U-hottLs  at  depths  down  to  some  800 
feet,  provided  that  the  Q  attachment  is  lilted. 

r,zt  Sinkings  of  U-boats 

I  he  average  number  of  U-boats  sunk  or  probably 
stink  monthly  reached  a  peak  o.l  21  a  month  during 
this  period,  flic  record  monthly  score  of  the  war  was 
reached  in  the  first  mouth,  July  10-13.,  when  3(5 
U-boats  were  destroyed  throughout  the  world.  Of 
the  total  ol  231  U-boats  destroyed  during  this  11 
month  period,  i<)<)  were  German,  28  were  Japanese, 
and  7  were  Italian.  I  he  180  U-boat  sinkings  in  the 
Atlantic  were  rather  widely  distributed  with  tile 
leading  areas  being  the  'Northwest  zUlantic  'Amt 
with  .31  kills,  the-  Northeast  Atlantic  .Area  with  29 
kills, ..and  the  Biscay  Channel  Area  with  28  kills. 

Aircraft  continued  to  he  the  leading  U-boat  killers 
during  this  period  account  mg  for  122  alone  (52  pa¬ 
ce  m  ol  the  world-wide*  total)  and  another  22  (!)  per 
cent  ol  total)  with  the  coope  ration  of  surface  craft. 

( .arricrdiascd  anci'tH  accounted  for  10  of  the  1*1  <J 
kills  in  which  aiic  raft  participated.  Ships  accounted 
..  h>r  7!)  U*bo,-iM  (.31  per  cent  of  total),  imd.Allied  sub- ■ 
marines  accounted  Ini  the  other  I  I  U-boals  (5  per 
c  cut  ml  total). 

I  lie  quality  ol; surface  c  raft  attacks  coinimtcd  to 
improve  steadily  through  this  period  as  the  crews 
became  more  experienced  and  improved  weapons 
and  equipment  became  available.  About  JiP .  :vf 
tent  ol.’the.jitrlace  era  It  attacks  made  on  U-boats  in 
the  Atlantic  and  Mediterranean  during  the.  period 
resulted  in  at  least  so  me- Ala  mage  to  the  U-Loav  while 
20  percent  (if  the  attacks  resulted  in  the  sinking  of 
the  U-boat.  The  lethality  of  these;  attacks  was  twice 
as  high  ;ts  it  had  been  during  the  previous  peiiod,  A 
study  of  Btiiisit  assessed  attacks  dining  tin's  period 
trd  fh;it  about  Ull'CO  pillc!!!!*;  wci'c  dropped  ill 
the  average  attack  on  a  U-boat.  The  probability  of 
sinking  a  U-boat  was  about  6  per  cent  for  the  average 
depth-chatge  pattern  and  about  II  per  tent  for  the 
average  Hedgehog  pattern. 
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«■»  SURVEY  OF  RESULTS 

ii.-u  Fmm  the  U-boats’  Point  of  View 

I  <>  interpret  the  results  of  I  lie  U-boat  war  during 
this  period  rorrerth',  it  is  important  lo  realize  that 
(lit*  German  High  Command  appreciated,  at  the  be- 
giuning  ol  this  period,  iliac  the  U-ltoats  itad  been 
derisively  delenled  in  the  crucial  battle  against  the 
North  Atlantic  convovs.  The  Cneniy  also  veali/ed 
that  the  old  tv-iie  of  ft, boat  would  have  to  be  modi¬ 
fied  radically  before  it  could  again  be  a  serious  men¬ 
ace  to  the  Allied  supply  lines  across  the  Atlantic. 

The  solution  reached  by  the  Herman  Iltglt  Com¬ 
mand  was  the  development  n!  an  entirely  jicw  type 
of  U  boat,  more  immune  I  rout  radio  location,  with 
much  greater  submerged  speed,  and  an  entirely  new 
and  quicker  method  of  production.  The  first  sketch 
of  what  was  to  be  the  new  prefabricated  T  ype  X X I 
I'-hoal  was  made  in  July  1!M3.  liy  December  1913  ail 
designs  were  linished,  including  lull-settle  wooden 
mock  ups.  In  February  Hill  it  ivas  dc<  it  lot  I  to  slop 
the  construction  ol  the  old  type  U  boats,  except  that 
those  lltiit  had  already  been  .laid  dov.it  were  to  In- 
completed.  and  to  concentrate -on  the  pmdttuion  ol 
the  new  prelabi  icated  l'  boats. 

1  he  general  strategy  ol  the  enemy  wtts  to  keep  the 
U-boat  Heel  in  being  ttiitil  the  newt'  boats  would  be 
i  etuiv,  when  l  lies  ton  Id  irliini  lo  the  olletishc  again. 
In  line  witli  this  poli<  y,  the  Sell  non  ltd  wtts  va  I  liable 
as  an  inlet  ini  measure,  to  red  tic e  the  daitgci  lioin  ;tii 
itHai  k  and  lo  enable  the  l  -lmals  to  operate  in  in 
shol e  waters  in  (lie  cxciit  ol  invasion.  The  mailt  trim 
Of  die  U  boats  (hiring  this  petiod  was  srll  piesei  v.i 
lion,  tillliough  they  would  attempt  in  I  lie  meant  ime 
lo  sink  tis  intuit  Allied  shipping  as  tin  s  could  with 
out  si.illeiing  excessive  losses.  In  addition,  keeping 
the  U-boats  ill  sea  served  lo  lie  up  huge  Allied  loro  s 
in  the  protection  of.  shipping,-  (hereby  keeping  lliciu 
from  beif)g  used  against  Germain  iii'oilu  i ways. 

During  die  Iasi  hall  ol  I!)'I3,  the  (‘-boats  made 
severti l  attempts  at.  conducting  ollcnsive  opciii'.ioiis 
bill  each  time  they  were  beaten  back  wilh  heavy 
losses,  Thereafter,  the  U-boats  veetnCd  to  realize  I  bat, 
if  they  were  lo  accomplish  t licit'  primary  mission  ol 
sell-preset  vat  ion.  they  could  not  under -take  any  large 
,»i  ale  onensives  against  shipping.  The  number  ol 
U-boats  al  sett  in  the  Allaitlie  dropped  steadily, 
reaching  a  miniimiiu  ol  about  ‘ID  in  May  I9-I-I.  I  he 
main  functions  of  these  U-boats.  during  the  first  live 
montlis  of  jy-M,  were  probably  reconnaissance. 
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weather  reporting,  forcing  the  Allies  lo  convoy  ship¬ 
ping,  and  waiting  for  the  invasion.  They  made  no 
attempt  to  sink  a  large  amount  of  Allied  shipping. 
This  is  clearly  reflected  in  the  results  achieved  by 
vhe  U-boats  during  this  period. 

World-wide  shipping  losses  to  U-boats  reached  a 
new  low  as  only  about  17  ships  of  101,000  gross  tons 
were  sunk  monthly  by  li-boats.  This  was  only  about 
one-fourth  i  lie  amount  sunk  monthly  by  U-boats  dur¬ 
ing  the  previous  period.  Only  about  -15  per  cent  of 
these  sinkings  took  place  in  the  Atlantic,  as  about 

10  per  tent  occurred  in  the  Indian  Ocean  and  an¬ 
other  !!)  per  cent  in  the  Mediterranean.  'I ’he  world¬ 
wide  'number  of  U-boals  sunk  monthly  reached  a 
peak  ol  about  111  a  month  during  this  period.  The 
world  wide  exchange  rale  reached  a  now  low  ol  only 

of  a  ship  (-1800  gross  tons)  sunk  hv  the  average 
U-i>oHI  before  it  itself  was  sunk. 

U-boat, .activity  in  the  Mediterranean  was  slightly 
lower  than  in  the  preceding  period.  Sicily  Was  in-' 
vailed  in  July  I!)I3  and  the  Mediterranean  was  con¬ 
sidered  open  for  Allied  shipping,  although  almost 
all  ol  it  wits  lorrcd  to  travel  in  convoy..-  (fitly  30  mer- 
i  ham  vessels  were  sunk  by  U-boats  during  this  period 
at  a  pi  ic  e  of  23  U-boals.simk.  .. 

Shipping  losses  lo  German  and  Japanese  U-boats 
in  the  Indian  Ocean  were  .at  a  slightly 'higher  level 
.  than  pres  ionsly  as  71  ships  were  stink  during  this  1  I 
month  period,  l-lywcvcf,  this  was  the  first  period  in 
which  llu-ir  was  some  evidence  of  rouiilcrmcasiirrs 
against  the  U-hdalS  iti-the  sinking  of  seven  Ibboats. 

I  his  was  cute  ol  the  few.  areas  where-  the  exchange 
rate  was  si  if)  laVurablr  for  U-boat  operations  as,  10 
ships  wen:  sunk  by. U-boats  lot  each  U-boal  slink.- 

Japanese  U-boats  were  strictly -on  the  defensive  in 
the  Facilic  and  spent  most  of  L'licir  {.iiue.it!  supplying 
isolated  outposts.  .Despite  tile  fail  that  tin-  bulk,, of 
the  shipping  in  the  Pacific  sailed  independently,  only 
i, me  merchant  vessel  was  sunk  by  U-boats  during  this 

1 1  Anon  fit  period,  while  Allied  forces,  mostly  surface 
craft  and  submarines,  .sank  21  Japanese  U-boats  in 
the  Pacific." 

flic  average  number  ol  U-boats  at  sett  in  the  At¬ 
lantic  during  this  period  was  niily'Iii,  about  •!()  per 
cent  less  than  the  average  number  at  sea  during 'the 
previous  period.  These  U-boats  sank  only  eight  ships 
of  1-1,000  gross  tons  per  mouth  in  widely  scattered 
areas  of  the  Atlantic.  The  average  U-boal  in  the  Al- 

;i  Four  hum c  fajMilicM*  l-  -hunts  were; sun!:  in  f,!;c  Indian  Occam 
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lantir  icarlied  a  new  low  til  ollensivc  power  ns  il  was 
able  io  sink  only  i/j  of  n  ship  (700  gross  toils)  per 
month  at  sea. 

Despite  tlu‘  meager  results  achieved  by  the  average 
I  ’  I;;;;;;  ;>iw!  1 1 m'  smaller  number  of  U-boats  at  sea,  the 
number  of  U-boats  sunk  in  the  Atlantic  continued  to 
increase  as  l(i  were  sunk  monthly  during  this  period, 
"llie  average  life  of  a  U-boat  at  sea  in  the  Atlantic 
during  this  ]>criod  was,  therefore,  only  about  i 
mouths,  half  the  average  liie  of  a  U-boat  at  sea  in 
the  previous  period.  This  meant  that  the  average 
U-boat  at  sea  in  the  Atlantic  was  able  losink  only  /> 
of  a  ship  (2800  gross  tons)  before  ii  itself  was  sunk. 
The  magnitude  of  the  disaster  which  the  U-boats 
xullcrcd  during  this  period  may  he  roughly  measured 
by  the  fact  that  the  exchange  rate  (ships  sunk  per 
I t-hoai  sunk)  was.  about  nine  times  as  high  in  the 
-previous  period,  the  battle  against  the  North  Atlan¬ 
tic  convoys,  and  about  98  times  as  high  in  the  peak 
period,  the  first  9  months  of  I!)  I'd. 

These  figures  reflected  the  glowing  strength  and 
efficient,)'  ol  Allied  surface  and  air  era  it  ;ind  the 
widening  gap  between  Allied  weapons  and  equip¬ 
ment  and  that  of  the  U-boats.  I  lies  also  confiiined 
the  German  High  Commands  appreciation,  at  the 
beginning  ol  |liix  pe  t  iod,  that  the  old-type  U-boat 
could  not  compete  anv  longer  with  Allied  aiuixub- 
liiaiinc;  lorces.  1  lie  mill  c  onsohll ioli  the  eiiemv 
could  bt.l.vc,  at  the  end  of  ibis  pet  iod,  was  dial  the 
I  -boat  losses  would  pi  o balds  hate  been  nun  It. larger 
•  than  they  actually  weie  if  the  U  boats  had  he  inn  1 1  \ 
continued  their  laige-scale  ollensisc  against  Allied 
shipping.  J  Ids  is  indie  aled  by  a  comparison  ol  the 
Hi  U-boats  smjk  moiiilily  in  the  At  luutir  with  the 
,'17  l  '-bouts  sunk  in  July  1915  and  the '25  U-biiats 
sunk  in  Oclobci  1915.  die  moiulis  hi  which  the 
U  boats  allcnlprCd  ollensite  operations. 

By  operating  their  U-boats  as  flies  did,  die  Ger¬ 
mans ’weie  afdo  to  maintain  llieii  laige-  U-boat  ilcel 
lor  til/:  invasion.  About  250  new  German  fbboals 
were  c  onslfue  led  dm  ing  this  period  while  only  about 
200 -German  t  .-boats  were  sunk  so  dial  die  Germans 
hail  oVei  100  U-boats  at  the  end  ol  this  period. 

ii.s.z  I  tom  llie  Allltis*  i'OiilE  Oi  VicW 

The  Allied  and  'neutral  nat  ions  lost  about  16:1,000 
gross  ions. of  shipping  monthly  from  ail  causes  during 
this  period,  only  about  a  third  ol  the  monthly  ship¬ 
ping  losses  during  the;  preceding  period,  while  the 


roust  met  ion  of  new  merchant  shipping  ran  at  about 
I , I <>0,000  gross  tons  monthly,  slightly  higher  than 
dosing  the  preceding  peiiou.  Consequently,  there 
was  a  net  gain  of  about  970,000  gross  tons  a  month 
in  die  amount  ol  shlppine  available. 

The  shipping  available  lo  the  Allies  had  increased 
by  almost  1 1 ,000,000  gross  tons  (hiring  this  period  to 
a  total  of  about  7500  ships  of  '17,500,000  gross  tons. 
About  ,‘0.500,  000  gross  tons  of  this  total  consisted  of 
tankers.  October  !913  was  the  first  month  in  which 
the  total  shipping  available  was  larger  than  llie 
10,000,000  gross  tons  of  shipping  available  at  the 
start  of  the  wai ,  in  September  1959.  It  took  over  four 
years  to  replace  the  heavy  shipping  losses  caused 
mostly  by  U-boat  ac  tion  jn  the  cafly  years  of  the  war. 

By  tin:  end  ol  this  period,  die  shipping  crisis  had 
definitely  passed  and  the  Allies  had  sufficient  ship¬ 
ping-available  to  undertake  the  invasion.  In  fact, 
construction  ol  new  merchant  shipping  had  started 
tapering  olf  jn  1911  alter  reach  ing  a  peak  of  1,500,000 
gross  tons  in  December  1913.  fai  l  of  this  tapering  off 
was  due  in  die  conversion  of  shipyards  lo  the  con¬ 
st  ruction  of  the  faster  Victory  ships  which  took  about 
twice  as  long  lo  build  as  the  slower  Liberty  ships. 

Ol  the  JK  1,000  gross  ions  of  shipping  lost  monthly 
ft oni  all  cat-uses,  117,000  gross  tons  were  lost  as  a  re¬ 
sult  ol  enemy  at  lion.  U-boats  accounted  for  ltd, 1)00 
gloxji  tons  a  month,  about  (>9  per  cent  of  the  lolal.. 
lost  as  ,1  result  ol  enemy  tid ion.  Monthly  shipping 
losses  due  to  enemy  airenifl  Were  liiglit;i;  titan  in  the 
preceding  period,  amounting  to  5  1,000  gross. tons  a 
month,  about  25  per  cent  ol  the  total  due  to  enemy 
action.  Shipping  losses  from  enemy  surface  trail, 
.mi  ties,  titl'd  oilier  enemy  ac  lion  were  even  lower  .than 
in  die  preceding  pc'i  iod,  totaling  cjiily  22,00(1  gross  ■ 
tons  a  month,  or  8  per  c  ent  of  the  total, 

I  lie  major  task  of  the  Allies  (luting,  this  period 
had  been  accomplished.  Sufficient  supplies  and  men 
had  been  landed  in  England  daring  this  period  lo 
enable  t  lie  All  ies  lo  undertake  the  invasion  of  Emmie 
in  June  191  I.  Although  llie  U-boats  were  no  longer 
die  serious  menace  they  had  been  in  the  past,  the 
large  U-boat  licet  based  on  both  Hanks  ol  the  English 
Channel  constituted  a  potential  threat  to  the  success 
ol  the  invasion.  The  immediate  problem  facing  tin: 
Allies,  at  the  end  of  tins  period,  was  to  prevent  llie 
U-boats  from  attacking  the  large  concentration  of 
shipping  dial  would  be  carrying  troops  and  military 
equipment  across  the  Channel  during  the  invasion, 
loom  n  long-term  point  of  view,  it  was  necessary  io 
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maintain  the  numerical  and  technical  superiority  of  ing  the  i)-hoats  from  ever  culling  the  large  and  con- 
Allied  antisubmarine  forces  over  the  U-boats.  Allied  linuous  (low  of  supplies  dial  would  be  required  l>y 
antisubmarine  forces  faced  the  problem  of  prevent-  Allied  lighting  lorces  in  Europe. 
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SEVENTH  PERIOD 

SCHNORCHEI.  U-BOATS  OPERATE  IN  BRITISH  HOME  WATERS 

JUNE  1944-END  OF  WAR 


7'  U-BOAT  OFFENSIVE 

N  many  respects  this  last  period  of  the  U-boat  war 
resembled  the  Inst  period.  The  U-boat  war  was 
a gait)  subsidiary  to.  and  hu  ge  I  v  inlliirured  by.  mill- 
Ltii  S  OjXi  tliioiib  Hi  I  lie  U-uuillS  WC!*C  tllivnl 

from  their  bases  on  the  Bay  ol  Biscay,  which  thev  had 
used  for  four  years,  and  were  forced  to  return  to 
bases  in  Norway  and  the  Baltic,  The  waters  around 
Lite  Brit  ish -Isles  again  became  the  main  area  of 
l •  boaS,  activity,  us  Sc  imort  licl-cquipped  U-boats 
were  a) tie  to  operate  in  inshore  waters  with  relative 
safety  .Shout  ail  trail  detection.  File  l  -boais  were 
operating'  mostly  submerged,  not  Iroin  thoice  as  in 
the .  lirjjt  period,  but  because  they  bad  been  lorced 
under  in  Allied  aircraft.  Surface  craft  again,  became 
the  m|in  destroyers  of  U-boats. 

I  lie  1  -boats  found  .dial  operations  in  inshote. 
\VA  l  cfs  were  just  as  I)  a /a  idol  is  (luting  ibis  period  as 
l  bey. bad  been  at  the  beginning  ol  the  war.  I  he  c  liiel 
difference  was  that  during  this-  pc  i  iod  the  average 
.  U-bo;it  was  able  to  sink  only  oiie-iwentielh  the 
aniouiil  of  shipping  that  it  sank  iiFtlte  first  period. 
Allied  esc  oils  were  mote  mmtcious,  mote  expeii 
ct  teed,  and  bet  lea  equipped.  while  t lie  U-boats'  offen¬ 
sive  power  yyiis  gicatlv  reduced  In  t'licir  loss  ol  mo 
bilily.  U -boat’  morale  was  also  nun  h  lowet  eluting 
this. period  than  it  had  been  early  in  the  war.' 

The  lull  in  U-hoal  art  iy  il’y1  ended  with  the  Allied 
landings  in  NoiYiianely  cm  |une  li.  Hil  l.  The.. Allies 
had  apprec  iated  t  hat  the  U-boals  yverc  a  very  serious 
potential  threat  to  the  she  c  ess  ol  the  'invasion.  I  he 
size  of  the  l ’-boat  Heel  at- that  lime  was  still  suc  h 
that  a  mass  aback  iii-rhc.  Channel  on  D-S’l.iv,  bout 
both  llanlcs,  tniglil  have’  saturated  the  de  fenses  , 'incl 
inflicted  grave  losses  cm  Allied  convoys  dining  the 
c  ritical  early  days  of  the  operation. 

The  Allied  countermeasures  involved  blocking  off 
the:  c  ross-( .humic!  Area  and  guarding  the  convoy 
routes  leading  to  it ,  yvith  the  object  ol  making  ibe 
approaches  to  both  a  difficult  and  exhausting  opeta- 
tion  for  the  U-boats.  By  June  b,  ten  escort  groups, 


consisting  ol  :>  I  sh i ] is,  uric  ready  i c i  block  the  west- 

rrn  :» »>»  it-f  )i*C'jn'S  ({j  Clii'iiJK'!.  T’jjpy  V>C!v!  Sl!p- 

portcil  J>y  three  escort.  carriers,  which  were  there 
chiefly  lo  |>rm  ule  lighter  support  to  escorts  operat¬ 
ing  close  to  the  enemy  shores.  The  enemy  air  threat 
proved,  however,  to  he  so  she  In  t  licit  these  cartieiii 
were  tvithdrawn  by  June  I  I.  Coastal  Command  air- 
trail  pin  on  an  intensive  flying  effort  in  the  Channel 
and  its  western  approaches  and  also  in  the  Bay  of- 
Biscay  Area.  These  dispositions  of  IJnti-U-boat  forces 
were  independent  of,  and  in  addition  to,  the  escorts 
and  airrralt  provided  for  close  csiibrt  duties  with  the 
convoys  ruiming  to  and  from  France. 

The1  "first  reaction  of  ihe  U-befitls  to  the  invasion 
was  a  considerable  exodus  of  U-boats'  from  the 
Krent  li  ports  on  D-day,  as  soon  as  the  enemy  woke  up 
to  the  [act  that  the  operation  had  really  started.  I  he 
nu i ubor  of  U-boals  in  the  Biscay-Channel  Area  in¬ 
creased  'Irctui  otic  on  June  5  to  about  Iff)  on  June  8. 

I  he  majority  ol  lliese  U-boals  made  no  al tempt  to 
enter-  the  Channel  hut, .  instead.  Set  up  . defensive 
patrols  oil  i he. Biscay  ports  lo  counter  possible  in vn- 
siou  attempts  in  that  area.  .,  ' 

A  i  in  ictus  leal  lire  ol- these  ojteral  ions  yeas  Ijiat  they 
began  with. a  large  number  ol  sig(iiings  and  attacks 
on  U-liiiats  by  aircraft  and  i fieri,  after  a  period  of 
several  cl.avs,  the  number  c.t.f  contacts  was  sharply  re- 
clue  id.  I  his  i  edne  I  ion  was  due  to  I  he  extensive  use  ol 
Schnorcliel  Ivy  the  U-boars-i  which  had-begun  at  that 
time.  Il  seems  dial  the  U-boat  captains  bad  not  taken 
very  kindly  lo  the  Srhnorchel  with  all  the  discoid 
foi  ls  that  it  was  capable  of  causing  in  inexperienced 
bands,  and  intended  Lo  use  it  only  as  a  last  resort,  if 
l  lie  weight  ol  ail  power  against  them  became  intol¬ 
erable.  Al  ter  six  U-boats  yverc  sunk  by  airc  raft  allacks 
mi  the  Biscay  Area  between  June  7  and  10,  the  U- 
boats  began  to  appreciate  the  value  of  Schnorchcl 
and  quickly  learned  now  to  use  it  efficiently. 

It  is  also  possible  that  the  enemy  intended  lo  op¬ 
erate  his  U-boats  in  the  Channel,  accepting  all  risks 
and  proceeding  on  the  surface  in  order  to  reach  the 
vital  invasion  area  and  disrupt  the  Allied  landing 
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operations.  li  was  the  initial  blows  dealt  him  by 
Coastal  Command  in  the  early  days  of  the  operation 
that  forced  him  to  adopt  the  more  cautious,  and  less 
effective,  tactics  of  icinainiiig  continuously  sub¬ 
merged,  which  the  advent  of  Schuorchel  gave  him 
the  means  of  doing.  The  Schuorchel  was  a  very  poor 
radar  target,  even  at  short  range,  and  was  difficult  to 
sight,  even  in  daylight.  To  attack  it  at  night  required 
exceptionally  good  radar  tracking  and  I  .nigh-light  or 
Hare  technique. 

In  addition  to  their  successes  in  the  Bay  of  Biscay, 
Coastal  Command  aircraft  contributed  an  outstand¬ 
ing  performance  in  June  against  U-boats  in  Nor¬ 
wegian  waters.  Most  of  these  U-boats  were  probably 
cn  route  for  tile  English  Channel  to  join  in  opera¬ 
tions  there.  .These  U-boats  continued  to  operate 
mainly  on  the  smTace,  and  Coastal  Command  air¬ 
craft  sank  seven  in  Norwegian  waters  during  lime. 

The  firs! -surface  craft  kill  in  the  Biscay-Olintnicl 
.Area  did  not  come  Until  June  18.  This  was  followed 
hv  four  other  surface  cralt  kills,  two  with  the  help 
of  aircraft,  before  the  end  of  the  month.  There  was. 
Hilly  one  aircraft  kill  in  the  Biscay-CItannel  Area  be¬ 
tween  June  11  and  the  end  of -the  month. 

The:.  I ’-boats  obtained  llk  ir  first  successes  against 
inert  liaitl  shipping  in  the  invasion  an  a  more  than 
three  weeks  alter  D-day,  mid  sank  live  ships  in  the 
last  lew  davs  of  June,  Two  cseot  t  vessels  were  tor¬ 
pedoed  by  U-boats  in  the  middle  ol  June.  W  hen 
these  results  are-  measured,  against  I  he  .  Iff  l '-boats 
sunk  in  the  same  ana  in  June  bv  Allied  forces,  it  is 
deal  dial  the  I. -boats  (ailed  coTnpleleh  in  t licit  at¬ 
tempt  to  'disrupt  the  Allied  inyii'sion. 

The., other  enemy,  weapon// fain  rail,  .surface  mill, 
and  mines)  wete  eq  tally  ineffective  against  the  thoti- 
snntls  ol  Allied  ships  that  moved  across  the  Channel 
la  Not  innntlv.  Only  18  ships  ol  75. 001!  gross  tons  were 
sunk  in  die  liistay-Cliamiel  Area  in  June  IT!  I,  as  a 
result  of  all  1  on  ns  of  enemy  action.  Hie  Allies  scut¬ 
tled  over  50  men  ham  vessels  ol  about  .800,000  gross 
tons  in  tomlrucling  the  artificial  ports  that  were 
used  so  successfully, during  the  invasion.  .! 

The  enemy  turned  to  other  offensive  weapons  in 
July,  such  as  the  human  torpedo,  explosive-  uiot/ji 
boats,  and  the  V-l  bonds,  lull  they  did  very  little 
damage  to  Allied  shipping.  The  experience  in  the 
Jiiscay-Cliamtel  Area  during  July  and  August  was 
similar  to  that  in  June.  The  Allies  continued  to 
keep  up  Lheir  pressure  on  she  U-l  oafs,  while  the 
U-boats  found  the  approaches  to  the  shipping  lanes 


so  difficuit  that  those  who  readied  them  fumbled 
the  opportunities  they  found,  U-boats  operating  in 
this  area  sank  only  two  merchant'  vessels  in  July  and 
six  in  August,  while  die  Allies  sank  nine  U-boats  in 
July  and  12  ill  August. 

Suifate  craii  played  the  predominant  role  in  sink¬ 
ing  U-boats  in  this  area  during  these  two  months, 
killing  IS  ol  them  alone  and  destroying  three  others 
with  the  assistance  of  aircraft,  out  of  the  totai  of  2 i 
sunk.  Ail  outstanding  feature  of  the  surface  craft 
attacks  in  the  invasion  area  was  die  difficulty  experi¬ 
enced  in  the  initial  detection  of  U-boats  which 
adopted  auti-Asdiv  tactics  of  resting  on  the  bottom 
when  escort  vessels  were  heard  approaching.  Numer¬ 
ous  wrecks,  together  with  the  difficult  water  condi¬ 
tions  and  die  high  reverberation  background  in 
shallow  waters,  gave  the.  U-boat  almost  complete  im¬ 
munity  from  Asdic  detection.  However,  once  the 
Asdic  picked  up  the  U-boat  contact  and  identified  it 
■is  Mich,  the  chance  of  obtaining  a  kill  rose  to  a. peak 
ol  about  5(1  per  cent  in  the  invasion  operation, 

The  .Second  Escort  Croup  continued  its  hrilliailL 
career  during  a  ten-dav  patrol  it)  the  Biscay-Ghairoe! 
Aica  early  in  August.  4 L  achieved  the  first  destruc¬ 
tion  ol  a  U-boal  by  Squid  and  also  look  part  -in  die 
sinking  ol  two  oilier  U-boats.  The  Squid  kill  was  re¬ 
markably  qiiitk.  One  pattern  of  six  Squid  charge's 
was  sufficient  to.hiiug  the  U-boat  to  l lie  surface,  and 
the  crew  rapidly  abandoned  die  sinking  ll-boat. 

The  hieakthTtnigh  of  Allied  land  forces  across  the 
Cherbourg  penjiiMtla  in  die  first  week  of  August, 
threatened  the  enemy's  Biscay  ports  and  .Ion  oil  their 
evat  nation.  The  U-boats  abandoned  .their  efforts. on 
the  liist  iiy-U.liaimel  Area  toward  (lie  cud  of  A iigust 
and-  headed. Tor  Norwegian  ports.  This  marked  the 
cntl.ol  die  first  phase  ol  the  U-boat  campaign  against 
cross  Channel  Allied  shipping. 

rite  enemy. cnnceniptlcd  his  main  effort  against 
die. Allied  invasion  during  the  lirst  three,  months  of 
this  period,  and  -U-boat;, activity  in  oilier  areas  was 
slight.  The  average  number  ol  U-boats  at  sea  in  the 
Atlantic  tim  ing  June  1911  Wits  about  18,  and  over' 
' fialf  of  these  were  concentrated  in  die  Biscay-Chan 
nel  Area  anti  t lie  Northern  Transit  Area-East. 
World-wide  shipping  losses  to  U-boats  continued  to 
lie  low  as  only  1  I  shins  of  .i8,000 gt Oss  tons  Vvcic  Sums 
by  U-liOats  iii  June.  Besides  the  five  ships  sunk  in  the 
Biscay-Cliannel  Area,  there  were  three  ships  sunk  in 
the  rest  of  the  Allan  lie  and  three  ships  sunk  in  Lhc 
Indian  Ocean. 
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The  total  nu.inboi ol  (  Mroats  Mink  during  [uiio 
was  2S.  about  [lie  same  as  die  high  level  lembed  ii: 
May.  Besides  llu  21  I  -boais  sunk  in  ihc  wains 
mound  llu-  British  Isles,  lour  olliels  uclu  disposed  ol 
inwidcK  distant  parts  nj  ilu  \i laiitu  hv  i  .  s  i  s( on 
(art  iei  . groups.  One  .ol  these  lour  was  I '-50a.  which 
Was  lapiuied  by  f  \SS  t iiniliili  mini  |(AT.|  and  bn 
cm  tins  on  June  I.  il)  1 1. 

d  bis  (ask  _tii (,n i j i  .sailed  IiOiii  Norfolk  hi  May  1  ?,M  1 
,wi,l;h,thc  avowed  intcmioii.ol  caponing  ail -cueing 
submarine.  It  v.as  left  dial  llw-ie  ivies  a  good  oppor¬ 
tunity  to  f  <s  a  f  'droal  (bat  sill  laced.  In  lonerii- 
iraliug  ami-personnel  weapons  on  j i .  holding  back 
on  weapons  llial  would  sink  ii,  and  making  an  ai- 
lenipl  lo  board  n  as  soon  as  possible.  Alter  an  unpro¬ 
ductive  hunt  mound  die  Cape  Verde  Islands,  a  Well 

COSmSu'li  <■  .*<i  I'rll  pi.iM  »v,lS  jiii-i  ?m  i  »j  »r|  ill  M II I  Oil  .\j;iv 
111  lor  an  estimated  hnnieboiuid  U  boar.  '!  lie  1’SS 
(.luitrl/iin  ['Dlsj,  one  ol  die  escorts,  made  sonar  con¬ 
tact  at  abom  10(1(1  on  June  I.  A  I  Iedge.liog  attack, 
followed  by  a  shallow  depth-charge  attack,  brought 


die  l  'boa i  f.o  die  sui  la<  e  at  ItllSCi  and  lire  was  opened," 

.  -I  J),1'  *  -boat  crew  si  rambled  bn  deck-mid  dived  over¬ 
board.  At  I (127.  lease  til  ing"  was  ordered. 

I  lie  p. boa!  was  then,  running  in  a  I  iglii.  circle  at 
about  seven  knots,  fully  surfac  ed,,  and  it  was  known 
that  most  ol  her  crew  had  abandoned  Iter.  USS  Pills- 
hmy  H>h|,  anotliei  escort,  lowered  a  whaleboat  with 
a  hoarding  party  mid  then  attempted  to  rope-  die  ' 
L  bom.  Meanwhile,  die  boarding  parly  got  along, 
side  and  leaped  from  die  whaleboat  to  die  deck  ol 
me  circling  I  boat,  I  here  was  only  one  dead  man 
on  deck  and  no  one  below,  and  die  hoarding  parties 
iiiiuiediaiely  set  to  Work  closing  valves  and  discon-' 
uctiiiig  demolition  (barges.  The  lUitiilitlnnuil  look 
die  U-boal  in  low,  but,  many  difficult ies  were  cm 
countered  as  (he  lowlilies  broke  and  die  Ll-boal 
showed  signs  of  set  I  ling.  It.  was  not  until  June  H  dial 
die  (.--boat  was  at  fully  surfactxi  dim.  I  ids  was  the 
first  lime  that  a  H  boal  had  been  captured  by  the 
U.  fi.  rum  s. 

U-.j05  was  finally  brought  lo  Bermuda  and  the 
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SS  < ,  nututU  iiiml  lows  l '  r»0.T:iN(rt  n. 


, VI  lies  WOl  e  aide  In  r  \  1 1  a,yl  a  gi  ra  i  deal  ' ) I  <  \  1 1  t'inrK 
valuable  iirlimia!  inlni  r i f : s I  inn  I mill  die  manuals 
ami  etj.uipnn  iii  afiuaid  ihr  f'imai.  In  addition  in 
Mini  I'-.J  tii  a  lilt.-  data  nil  I  lirai  oust  it*  Ini  prtlo.  (iernia  II 
seaitii  Itii'itm,  and.  min  i  siamlani  l'  Imtil  equip 
will,  die  Vllir'i,  nj;|;iinftl  impoi  lam  iiilniaiialinn 
about  ( .<1  man  wai  orders..  c  nnnim  11  iia  I  ini  is.  and 
'<  otlty  Minh  til  i li is  inltji inal ion  ployed  in  In-  nl 
t  aint:  iii  mmlin  ling-hili-i  opei al iims  against  ilu 
I  iioaiv  ns  i In-  ( iri mans  did  no!  k lints  dial  we  had 
t!i|>l in cd  a  1'  linal  and  nblailitt!  lliis  inlm inalioli. 

U  orltl  wide  shipping  Insst-s  slated  low  in  |td.v 
l!M  I  as  <*11 1 \  Jli  slii |.js  of  li“,(!()0  gross  ions  were  sunk 
hy  i  djoais.  in  atjtiilion  it:  ilu-  iwo  ships  sunk  in  flic 
Bist ay  C.lianiii  i  Area.  five  ships  wen  sunk  in  the  rest 
nl  flit-  Allanlit  and  liu-  in  lilt1  intlian  Ocean.  The 
1*11111  her  ol  T-bottls  sunk  ihroiigluuii  ilu-  world  in 
July  wet  slightly  loss  ilian  in  June.  Ms.  oils  of 


i.S.S  ini  d  K.VI'.j  t  ‘  Iii  II  i  n,l  I  ft  I  a  |if‘i  Irii  I  itt  I  threat  to. 
Allied  shipping  by  sinking  a  HiOO-ion  ini  Delaying 
■•linal  early  in  July,  i  his  IT-bpa  I,  tarried  fifi  Ini  lies, 
I  he  iiioni  t-tl.  at  oust  if  l  ype,  widt  h  were  intended.  lo  lie 
I  a  id  m  I  he  approj,  lies  in  I  hi  I  i|'a\ , 

August  I!)  I  I  was  | lit:  lust ' inoii i li  ol  this  last  period 
for  l  lie  i  -hoals.  as  I  hey  .sank  IK  ships  of  <19,000  gross 
innv  llitoiighoui  die  world.  This  pe.uk' sfo'fe;  how- 
t  vei,  is  only  ahpul  t hr,  same  as  the  average  monthly 
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Till*  ilownwnnl  iiviul  in  tlu*  niunixT  uf  T-lx>;iis 
sunk  mmiihlv  nmtinmx!  during  Viirum  ;is  onl\  1/ 
weir  siiiik.  limali  found  ii  ninir  ililliruh  m  dried 
:md  aii:u  k  the  Nrlmor<  hei  f  -bnai.  Ap;nt  imm  the  i 2 
I'-Ijckms  sunk  in  i lit*  Hist  a v -Ch.mml  Ate;i,  there  we  re 
o»|v  three  l '-boats  sunk  in  die  AtkmliY,  :«!!  bv  escort 
carrier  iask  groups.  Aimafi  Imm  I  IMS  1'nnlrx. 
which  was  escorting  die  North  Russian  aimms.  .sank 
nvo  {.’  boats,  while  .ihd.di  Irom  the  1  NS  iiu£Ur  sank 
l”  12-‘l  south  <)(  New  » i ■  1 1 < I ! : i ml.  aher  a  l!0-da\ 
search.  I  bis  l  boat,  traveling  on  Schnon  hel.  had 
remained  submerged  lor  aboui  li  da\s,  surhnmg 
onh  (or  a  short  dailv  interval  ol  10  to  15  lninutes  to 
determine  her  onsiliott. 

I  lie  most  sii>n iji< ant  deveiopiYiedt  in  August.  with 
regard  to  Inline  1‘  boat  operat ions,  was  the  advaiue 
ol  Allied  at  mies  in  Western  France  wliiclt  loiced  die 
l  -boats  io  n  banc  ion  dietr  liases  on  the  lias  ol  Bi.s<a\. 
t  hese  bases  com  .lined  the  i edoubtable  I  odl  con 
note  shelters  which  had  withstood  lieaw  Allied  at¬ 
tacks  |or  \ t  itis.  The  basic  sliaiej»s  of  (ieiman  naval 
warlale  in  the  Atlantic  had  depended  upon  the  suc¬ 
cessful  use  and  mainteu.mc e  ol  the  Hiscax  bases, 
from  which  l  -boats  <ntdd  pine. red  ditecdx  to  their 
opetalional  anas  with  minitniun  fuel  c onsiimpi ion 
and  less  duottliim  opposition  Itojn  Allied  ah:  and 
surlac  e  pal  nils. 

H\  the  cud  of  \ it” i ist  it  was  evident  that,  the 
1  -boats  had  lx  tin  their  Imal  exodus  Imm  the  Biscav 
polls  and  v.cat  heading  lot  Not  wav,,  whole  tliev 
would  be  nine  It  mote  v  tilnuable  to  \llit  d  ait  anac  k. 
f  hr  pi nhh  ins  ol  j'p.jji  ami  liiaitilenaiu  e  c>(  ,i  latj*r 
{  boat  Heel  at  the  small  and  iuadecptalrJv  equipped 
Noiwei*ian  bases  would' also  be  miicb  mot  etlillic  lilt . 
f  lie*  in. lilt  c  llet.t.  bov\ev c  i ol  the  loss  ol  the  Biscav 
bases  was  tbe  <  otisidetable  inu e.'ise in  the  length  ol 
v o\ ai^es  to  opeiiilim;'  areas,  kite  500  ton  l  -boats, 
wliic  b  <  outpl  isecl  tile  uiajolilx  'of  the  l ’boat  licet, 
weir  tini.ea  I  lei  t  r.st  lie.  led  to  opr!  at  ions  ai  oiiiicI  the 
lb ilislt  Isles,  as  it  was  exirctiH'lv  clilhc  nil  to  teluel  at 
sea.  F  v  cm  I  Ijc-  7  I0-iot|  1  boats  con  It  tied  most  o(  ilieii 
later  opeiatiotis  in  the  neaibv  Atlantic,  operating 
near  Canada  and  (-ibi  .ihai. 

0 1 1 1  ini*  September  IO!  I  the  rnrinv  seemed  to  be 
contented  primal  ily  with  shilling  bis  I’-boats  I  rout 

.  >  i *  *  ? > :  . .  s  i .  u..  ...  ii- 
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I  boats  wen-  i  I  le  age! I  Milrh  in  1 1 1 ■  ■  ■  > i 1 1 m  the  gauntlet 
i>l  All  led  nil  mid  sin  Im<  <■  pa  I  inks  between  I- 1  a  i x  c  and 
Nunvav.  I  licsr  C  boats  liavclcd  stihinc rged  Idr  al- 
1 1 iv ib L  the  entile  trijj,  using  Si  linorchcl,  and  most  of 


ilieni  completed  1 1  it-  journey  sulci v.  As  a  result  nf  this 
mass  l  runs  it  ol  l'-ho:iis. » he  a  crr.ige  nil  ill  her  at  sea  in 
die  Atlantic  readied  a  peak  I  nr  tills  hist  pei  iod  clur- 
1 1 i Ncpienibei'  when  tilde  were  a V  ll-hnais  at  sea. 

Win  Id-wide  shipping  losses  were  considerably  rc- 
dticed  ill  September  as  only  seven  ships  ol  -13,000 
gross  ions  wi  re  sunk  l»y  U-boats.  A  noteworthy  leu- 
lure  was  tlie  almost  complete  aliseme  of  U-boat  ac- 
t icily  In  the  Indian  Oi can.  One  ship  was  stink  there 
('ai!'.  in  tlie  nionili.  hut  the  I'-lioat  responsible  lot 
ihts  sinking  withdrew  towards  I’enang  where  it  was 
torpedoed  In  a  British  submarine.  Although  the 
other  six  slops  sunk  I > v  l!-l:oal-':  (hiring  the  month 
were  all  lost  in  the  Adamic,  not  a  single  ship  was 
sunk  in  i i ic  Ioriiierlv  attire  Biscay  Channel  Area. 
Two  ships  were  sunk  in  the  Barents  Sea  Area  and 
one  in  the  Canadian  Coastal  Zone.  The  other  three 
ships  were  sunk  cariv  in  Sept  ember,  Irom  .North  Al- 
lanf i<  Minims.  In  U-boats  operating  on  .Sc  lmorc  hel 
in  inshore  waters.  These  U-boats  operated  in  the 
Northwestern  Approaches  to  England,  in  an  area  ol 
high  shipping  density  through  which  the  North  At 
lantii  (onvovs  passed  on  their  wav  in  and  out  of  the 
Ninth  Channel.  Kort  imately.  no  further  losses  o<  - 
(lined  in  this  area,  as  the  Allies  started  routing  the 
North  Atlantic  (onvovs  around  the  south  o!  Ireland 
at  tdioul  t  Ills  I  line 

III  -  total  mmilicl.  ol  l  ho, its  stink  ill  .September 
was  _l  I  his  ii  <(  Ittded,  ho  we v  cr,  six  30(1-1  cut  l '  boats 
that  wet e  si  in rlcal  in  die  Blai  k  Sea  as  a  result  of  R us- 
sian  adv, lines  in  eastern  Europe.  In  the  Mediterra¬ 
nean,  l wool  the  l luce  l  -boats  based  at  Sa lauds  wore 
d(M roved.  I  he  genet  al  x  Icarance  of  IMiouls  and 
enemy  aim  all  In nu  the  Mediterranean  enabled  the 
lutmhci  ol  ships  eiitiployed  in  (otivoy  escort  to  he  re¬ 
duced  and  a  luge  hcimbci  ol  independent  sailings 
was  pet  ’milled.  Onlv  ten  1  -boats  were  sunk  in  the 
Atlantic.  I  his  steads  decrease  reflected  the  inactivity 
ol  the  1  boats  and  the  inc  reased  ellec  liycncss  ol 
Sc  Iiiioi  c  hel.  I  vs  Cl  ol  these  U-boats  were  sunk  ;is  a 
result  ol  the  inshore  :»c  I  is  i t y  in  the  NorthvvcsU  rn 
Appmac  lies  to  England,  live  were  sunk  in  the  North- 
cut  1  runsit  Area-East,  and  three  ill  the  remainder 
ol  the  Atlantic. 

Be  the  end  ol  September  the  last  of  the  l-boals 
appealed  to  iiuvc  departed  irom  the-  Bisc av-Channel 
Area,  The  average  number  ol  l  -boals  out  at  sea  in 
the  Atlantic  declined  to  about  3(1  in  October,  with 
most  ol  them  stiil  in  transit.  The  results  achieved  by 
German  U-boats  reflect  this  situation,  as  October 
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I ‘HI  u;is  the  lirst  month  o!  tin*  war  during  which 
l  hex  were  not  «i hli*  to  sink  even  a  single  ship  in  the 
Atlantic.  As  a  mailer  ol  hid.  the  l’  boats  sank  only 
one  ship  ol  7000  gross  tons  during  Oc  tober  \  pel  led 
record  lor  the  month,  was  spoiled  on  October  aO, 
when  a  Japanese1  l'  boat  sank  a  S_  i  ;n«u  ship, 
traveling  independently  in  ihe  Pacific,  midway  be 
inven  San  Inane  iscn  and  heat  I  Harbor.  Ironically, 
this  was  the  Inst  ship  Mink  in  the-  Mae  i fit  by  a  l'  boat 
since  \o\einber  MMn.  Ihe  lull  in  l'  boat  anixhv 
was  reiiected  on  the  east  coast  ol  the  Unit  eel  Senes, 
as  October  was  the  first  complete  month  oi  inde¬ 
pendent  sailings  lor  all  ships  engaged  in  coastal 
trade  (except  lor  drv  cargo  vessels  ol  N  to  lU  knots). 

( )niv  nine  l  -boats  were  sunk  din  ing  ( )c  mhe  r.  fixe 
ol  them  iit  the  Mac  ihe  and  on  lx  loin  in  tin-  Allan!  ic . 
All  lout  ol  the  latter  weie  Mink  in  the  Northern 
Iransii  \iv;i  Hast,  the*  area  through  which  the 
l '-boats  uaxglrd  io  and  Irom  t  lic  it  Norwegian  liases. 

( )ne  ol  these  loin  I  boats  was  sunk  as  the  result  ol  a 
bombing  laid  on  Bergen.  One*  ol  the  lixe  l  boats 
sunk  in  the  Pacific  was  a  On  man  0  boat,  sunk  by 
tin.  Dutch  subnet!  me  1 1.\  MS  Zu'iun  flei.st  //  in  the 
j:o:»  .Sea.  I  I i is  was  In  lai  the-  most  rusteilv  position 
in  which  a  del  man  -boat  had  exei  bee  n  desiroxecl. 

Although  the  axeiage  number  n|  I  -boats  at  sea 
in  the*  Mlantic  during  \m<inlni  was  onlx  21,  the 
lowest  monlhh  average  u!  this  pel  iod.  t  he  cnemv  It. id 
eniuplcicd  his  nandn  ol  l  ’  boats  liom  tin  Biseax 
bases,  aiid  tile  1  boats  at  sea  wri  e  mole  ii<  l  i\  e.  Sexen 
.hi,  >s  oi  1,000  gloss  toils  well*  sunk  in  l  boats  in 
■November  MM  I:  two  shins  in  ihe  Indian  -Ocean,  a 
Swedish  ship  in  the  l>.di  it.  and  Join  ships  in  insljoie 
wains  in  the  Mlautir.  I  hrceol  I  In  m  ships  wen  sunk 
on  Novembei  Ml  in  I  he-  appioac  In  s  to  Kek  j.i  \  i k .  Ic  e 
land.  I  br  othel  snip  was  sunk  in  tin  Knglish  ( iltan 
nel  Iowan  I  i  he*  <  nd  of  the  month  al lei  sc  v<  i  a  I  mouths 
xx  it  hotit  anx  I  i»o:ii  actixiix  in  this  an  a. 

Ihe  nuinhc‘1  ol  U-hoais  sunk  dining  Xoveinbrt 
was  ID.  hut  sexeji  ol  these  l ’-bom  kills  look  pl,aee  in 
the  Pat  ihe  and  onlx  tinee  in  the-  Atlantic.  I  his  was 
the  smallest  inotifhlx  miuihei  o(  I'  boats  sunk  in  the 
Atlantic  since*  Januarx  MM2.  1  wu  ol  these  (  -boats 
were  sunk  in  the  Noithern  Jiansit  Area  Kast  and 
one  in  tlu*  Bisc  ax  -Channel  Ana. 

1  lie  main  reasons  lor  tin-  meager  lesulls  achieved 
by  Ihe  Allies  in  sinking  l  -ljoats  dining  these  three 
monrhs,  September  I  h  lough  November,  was  the  e\ 
He  ine  caution  displayed  hx  the  L'-hoat.s  as  the  average 
l ’-boat  sank  less  than  I  / 1 0  ol  a  ship  per  month  at 
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sen.  I ik teased  experience  in  the*  use  ol  Sehnonhcl 
enabled  the*  U  boats  to  avoid  .Allied  air  patiols  bv 
icmaining  submerged  lor  prolonged  periods  and 
lying  m  wail  for  Allied  convoy*  m  local  areas  in¬ 
shore*.  Then,  the  U-boats  developed  their  Bottoming 
ladies  in  inshore  waters,  where  wrecks  and  non-sub 
contacts  were  abundant  and  where  the  high  rever¬ 
beration  background  tended  to  drown  out  weak 
Asdic  echoes.  In  addition,  the  neeessitx  for  the  use 
ol  aiiti-Gnai  iiuiseniukers  bv  AJIieil  ships  made  Asdic 
detection  more  dillk 'tilt. 

J  he  experience  during  these  three  months  indi¬ 
cated  to  the  enemx  that  U-boats  could  again  operate 
in  inshore  waters,  with  >*:  hiiotvhcl.  without  stiller 
ing  undue  losses.  I  bis,  in  riled.  made  unnecessary 
the  previous  long  vox  ages  to  distant  areas  which  had 
been  made  in  ordei  to  avoid  the  heavy  Allied  air 
coverage  in  the  North  Atlantic.  i  he*  enemx,  there 
hue.  had  by  the-  use  of  Sc  hnot <  Iiel  overcome-  to  some 
r\lc  nt  t  lie*  great  st.i  a  legic  disadx  am  age  result  ing  Irom 
the1  loss  of  his  Bistav  bases.  J  be  use  oj.  Sc  (more  lie  I 
enabled  U-boats  to  proceed  to  and  Irom  their  bases 
in  Noi  way  and  the  Baltic  via  the  Uae:  o.rs-Sliel  land 
passage  instead  ol  t  lie  more  c  it c  nitons  passage  south 
ol  Iceland.  I  he  U  boats  c  ould  opei  ate  cjfre  t  ixelx  in 
all  areas  ol  the  Noiih  Atlantic,  pan  ic  n  lai  !x  in  the 
watets  around  I  iiglaud.  whetc  the  high  tleusiiv  of 
impoiiant  shipping  pi  ox  ideal  an  attractive  target 
neai  t lie  l  boa t  I iascs. 

I  )r<  c -in her  MM  I  wit nrxsrd  the-  beginning  ol  a  steadv 
increase  in  the  munbci  ol  H'- boats  as  sea  in  the  At¬ 
lantic.  (.ciinc  idem  with  the  (h  i  man  kind  oiicnsixc 
on  the  Western  1- i  our  •  (  Bail  Ic  ol  the  Bulge),  about 
hH:  U-boats  conmieiKcd  operations  in  ihe  < <*n Do- ^ 
Knglish  Ulianml  in  an  attempt  10  impede  the  Mow 
o!  i  mops  and  supplies  to  t  lie  All ic*d  armies  in  Kmope. 
Sc'vc-u  ships  and  our -esc oil  were  sunk  hx  (  boats  in 
the  Bise  ay-(  Jiamirl  Area  during  Dec eniluT •,  with 
most  c»I  the  damage  be  ing  done  toward  the  end  ol  ihe 
month  by  two  (‘-boats,  both  ol  whom  escaped- to  tell 
ol  their  sue  ecss.  During  the  same  period  an  abortive 
olkmsive  was. hmuc  bed  bv  a  flotilla  ol  midget  U-boats 
(Bibci)  against  ronvovs  in  the  Scheldt  Approaches, 
oil  the  Date  b  coast.  Onlx  one  ship  was  sunk  while  la 
midget  l  ’  boats  were  sunk  or  captured. 

U-boat  actixiix  in  oibei  areas  was  slight  dining 
December  as  the  world-wide  shipping  losses  to 
1  -boats  totalled  onlx  nine  ships  ol  af), 000  gloss  ions. 
An  independenl  ship  was  sunk  in  the  Chill  ol  Maine.* 
on  December  >  by  the  same  U-boat  that  landed  two 
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encmv  agents  on  liic-uKN  oi  Maine  on  November  L!9. 
The  other  ship  was  sunk  in  die  Pac  i(ic  oil  dir  south¬ 
east  roast  of  Australia  b\  a  (im)i;iii  l1  hoai.  (he  fir  si 
sinking  in  I  lust'  waters  si  net-  Max  lb  IT 

Nine  [‘•l.oa'N  were  sunk  during  December.  one  in 
i !;;■  iuciiau  Ocean  and  eight  in  (Ik  Atlantic.  Six  of 
l  lie  eight  l  -boats  Mink  in  I  In*  Atlantic  wen*  losi  in 
die  waters  around  Kurland,  particularly  in  the  I»is- 
c  ax-Channe!  An  a  and  ilie  Northern  I’ransii  Aira  - 
I;.:i:s(.  Ojii  iil  (!;<•  thiee  l'  -boats  1 1 ■  (he  l»iv  ax -Channel 
Area  rail  agiotind  on  Moll  Rnrk  due  in  na\  igat  innal 
dillieiilt  irs. 

I  '-boat  art  iv  in  cun  iniK’<!  to  iiu rcasc  dm  ing  J  aim- 
ai'V  I  b  I a  as  I  I  -.flips  ol  u7.(Mlb  go>v»  ions  uric  sunk  b\ 
l  '-boats.  All  I  I  of  these  ships  uei  e  sunk  in  die  Mian 
lie  In  I'-bnats  operating  in  inshoie  waieis.  in  I'niied 
Kingdom  waters,  then-  were  no  sinkings  in  (he  Eng 
lisli  Channel.  ahhnugh  l  -boats  were  Mill  pattolling 
there,  and  die  center  of  'at  I  i\ its  shilled  to  die  h  isli 
Sea,  wljele  six  ships  were  sunk  during  the  niomli  h\ 
l  -boats  wliiih  had  penetraied  into  the  region,  a) 
(hough  it  had  long  been  conxidrird  sale  In. in  «  iu  m\ 
at  bit  ks  and  had  been  used  (or -  naming, 

I  he  ot hen  inshoie  at eas  oi  { '  boat  ailixitv  in  Jan- 
nan  writ.  ofl  llalilax.  when-  loin  ships  weie  sunk 
and  a  not  bet  damaged,  and  die  western  approaches 
to  (iihtahat.  when*  one  ship  and  an  esc  on  vessel 
Wt  ie  stink  and  anotliei  ship  damaged.  I  In **<-  of  die 
font  ships  sunk  oil  llalilax  weie  lot  pedoed  on  Janu- 
at  v  I  I,  dm  jug  dax  light,  om  ol  a  <  omm  nearing  poi  i. 
1  he  events  well-  not  snccesxlul  in  locating  tile 
l  hoai. 

I  he  ti in ii bet  ol  I  *  hoats.si.ink  mmidi'lx  it  . n  heel  a 
low  lot  this  priind  is  onh  six  1’  boats  weie  sunk 
dm  ing  [a uiiai  v.- ou>  in  dir  I >; f <  i 1 1 <  mid  lot  in  die 
Al  latilir .  \  1 1  of  these  kills  wet  c  made  b\  sin  laic  c  rail 
dining  the  lam  i  hall  ol  dm  month.  Not  a  single 
I’-ljoal  wav  sunk.  h\  aimail  (hiring  jannaiv  lbl.r>. 
file  hist  ol  these  sinkings  oe  <  m  i  ed  on  Jaimaiv  It), 
when  a  I  .  S.  clesitovcr  e-s<otl  task  gioup  sank  a 
weadtei  -l  <  poi  I  ing  C  hoai  in  the-  X'oit  Invest  Atlantic 
Alea.  I  sing  inlot  madon  based  on  the  l  '  hoai  j > l< . 
the  gioup  ilepaued  Iroui  the  A/ores  lor  the  geneial 
area  of  the  last  fix .  An  III'  1>I  lex,  at  a  range  of  10 
miles,  Imtliei  localized  the  probable  area  ol  die 
t  -boat  an;!  t.*e  >!!!■!!  got  iisKii muiv.  home  J. i /.»  nours 
later,  .so  t  tat  contact  was  gained,  and  one  Hedgehog 
attack  and  h\e-  Mk  H  dept  lit  barge  attacks  resulted 
in  die  sinking  oi  i he  L'-bnal. 

1  h<-  othe:  loin  1  -hoats  sunk  in  die  Adamic  dur¬ 


ing  January  were  ail  sunk  in  I'niied  Kingdom  coastal 
waters  by  !h  ilisb  :>;n  but  u  .dt.  TSiicc  e>i  i hrsr  kills  rc- 
sulieci  from  Asdic  contacts  made  shortly  after  ships 
were  torpedoed.  'I'luy  were  particularly  encourag¬ 
ing  in  that  i her  represented  some  evidence  that  ships 
were  Imally  learning  how  to  attack  l  .'"boats  operating 
in  inshoie  waters,  after  months  of  disappointing 
par  ols  in  generally  difficult  conditions.. 

In  addition  to  these  successes,  indirect  hut  elfrc- 
tiw  am  it  ‘-boat  operations  were  carried  out  by  the 
Russian  armies  dining  Januarv.  By  overrunning 
Bast  Prussia,  ibex  threatened  dir  important  working- 
up  bases  in  the  eastern  Halite,  and  by  entering  Silesia 
dies  ptfiaiwcci  pari  ol  (he  elaborate  orgaui/ai  ion  for 
the  constiucdon  ol  die  new  type  l '-boats.  I(  is  esti- 
maled  dial  die  valds  al  Danzig  alone  produced  al¬ 
most  a  iliii  d  ol  die  new  1  x  pe  XXI  prefabricaied 
l ' .boats.  Not  onlv  were  l  he  Norwegian  and  western 
Habit  polls  sexeiely  taxed  by  assuming  die-  ad(li~ 
lio.ua!  burden  ol  hand  I  ing  surl  are  vessels  and  l '-boats 
puxiouslx  based  in  die  eastern  ports,  bill  the  con- 
c eiitrjl ion  ol  all  (boat  jaci  lilies  in  the  ucslcin 
Baltic  made  them  much  moie  vulnerable  to  Allied 
air  a i tac  k-t, 

I'lie  C  boats  were  mote  aggressive  in  February 
lb  l  ">  and  sank  I  a  ships  ol  ha. (MM)  gloss  Ions.  One  ship 
was  sunk  in  die  Indian  Ocean,  oil  the  west  coast  ol 
Mislialia.  and  die  odiei  I  I  ships  Were  sunk  in  die 
\danti(.  die  peak  monthly  stoic  lor  (his  peiiod. 
With  die  land  vxaiiair  in  Europe  appioac  hing  Orr 
main,  die  (iiemv’s  objective  vrmrd  to  he  lo  sink 
the  maximum,  shipping  in  the  shot  i  time  remaining. 
( a>ii-»r<|iu!id\ .  till  major  l ‘-boat  (floit  was  (oneen- 
ti.ind  in  Biitish  coastal  uab.Ts,  wheie  nine  ships 
were  stink  dining  die  tnomh.  nlainlx  in  llir  somh- 
wesi  apptoac  hes  to  die  English  (ihamiel  and  in  die 
X’oiih  Sea  oil  the  east  coast  ol  Lnglaiul.  The  fixe- 
ships  sunk  in  (lie  miiaincler  ol  du:  Atlantic  included 
two  in  1 1 1 <  Harenis  Sea  Aiea,  one  near  Iceland,  one 
neat  ( bbraliai .  and  one  in  t he  Sonlhc  asl  Atlantic  bv 
a  l  hoai  lioniewaid  bound  Irom  (he  Inclhm  Ocean. 

I  he  nmnbei  of  l ‘-boats  sunk  mondiiv  itlc  teased 
shaiplx  as  lb  l’  floats  were  sunk  in  Eebruarv.  indi¬ 
cating  that  the  k ills  neat  the  end  ol  January  i v i i l iated 
a  new  peiiod  ol  good  hunting.  Twelve  of  the  I  I 
i  -boat  kills  in  the  Atlantic  look  place  in  the  waters 
nrounri  England,  but  there  was  a  shift  ol  activity  to 
the:  non  Ii  ward,  i  lie  Tenth  Escort  Cioup  carried  out 
a  particularly  successful  patrol  in  the  area  between 
the  Midlands  and  die  Faeroes  against  U-boats  on 
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passage  (n  their  opei  at iotiai  areas,  sinking  three  of 
i hem.  Those:  three  attacks  all  resulted  from  initial 
Asdic  contacts  on  .submerged  l ’-boats.  I  on  o!  t lit*  !  I 
kills  in  the  Ai l.mi it  were  made  by  sin-fare  nail  as 
Asdic  was  hot  outing  imuli  mure  ellenive  against 
I'-hoats  in  shallow  inshore*  waters  duo  to  the  in 
creased  experience  ol  Allied  ships  under  those  con¬ 
ditions,  The  other  two  l  -boat  kills  in  the  Atlantic 
oc eurred  in  the  Barents  Sea  Area  and  oil  Gibraltar. 

Tivr  Japanese  I’-bnats  were  sunk  during  I’chmarv 
ill  the  Marihc.  where  the  I  S.  submarine  l  TSS  Huffish 
(Mined  in  a  tecord  perlormanee  l>v  sinking  lltree 
l ‘-boats  in  lour  daws.  These  were  torpedoed  north  ol 
Luzon  hciw<e»i  I’ehi  u.n  \  *1  anti  12.  In  each  case,  the 
f’uljish  deiei  led  (apanese  radar  signals  on  her  st  art  It 
i et c  ivet  [  \ PR  |  and  then  honied  on  the  1  boat. 

The  nnmhei  ol  l'  boats  at  sea  in  tin*  Atlantic  in¬ 
creased  shai  pl\  in  Match  MM3,  averaging  over  311  ioi 
tilt*  month.  Mosl  oi  these  writ*  c  oik  enti  a  led  in  the 
walels  aiound  l.iighind.  but.  tlieie  wet e  Some  signs  ol 
a  shill  ol  l  -boat  aclivitv  to  dec  p«  i  wateis  in  the 
Atlantic,  possihh  indicating  that  the  enemy  had  ap 
predated  that  some  esc  oils  had  hern  iciuoved  Irom 
cHoan  (oitvovs  to  opeiale*  ill  iiishoie  wateis.  I  hole 
was  also  some  evidrihr  that  I  \ pe  Will  l ’-boats 
opeialecl  ill  the  Noitlt  Sea.  oil  the  cast  coast,  ol 
l.ngland. 

De  spite  the  i I m  ■ «  av  in  the  number  ol  {  boats  at 
sea,  the  wot  jel  v»  idr  shipping  losses  to  I  boats  slaved 
at  the  same-  lev  <1  in  M.iic  h  Ml  13  as  onlv  id  ships  ol 
tin. 00(1  gloss  Ions  weir  sunk  In  l  boats.  a.M  in  lit. 
Mlantic.  Vineol  I hesr  ships  weir. Mink  in  the  wateis 
an  nine!  England,  seven  ol  them  in  the  Biscav  (.han- 
ncl  \ic.a.  Two  ships  yveie  sunk  in  the  Baiciifs  .Sea 
\tea  and  anolliei  two  um  sunk  in  the  Bta/ilian 
.i I ic I  (aiiihhean  \n  as  hv  a  boat  liomrwatd  hound 
Irom  the'  Indian  Ocean.  Midgels  prohablv  •..ink 
anodic)  I  In  ee  ships  in  the  North  Sea  Alta. 

I  he  mini  I  jo  ol  I  boats  sunk"  dining  Match  con 
I  it  Hied  high  as  Ml  wet  e  dost  t  m  ed.  in  tin  l\n  i  fit  and 
17  in  the  Atlantic..  I- out  l  boats  weir  dcsirowcl  hv 
out  (aids  in  Tuimilt  pot  is  and  one  was  sunk  in  the 
(Canadian  Goastal  / one  hv  a  l  .  S.  de.-Miovii  escoti 
killel  gi otlp.  The  ot bet  12  (‘  boats  wrtr  sunk  in  the 
walels  aioimd  (»ic  at  Hi  i  la  in:  one  hv  aiic  tall .  two  I  >\ 
mines,  and  nine  hv  smlace  cialt.  I  lie  I  wentv  Tiist 
T.scort  Gtoup  tinned  in  a  notable  pet  lot  mam  e  l>\ 
sinking  liner  (  -boats  in  lour  (lavs,  uoi  th  ol  Scotland. 

In  Apt  il  10 la.  shipping  c  asnalties  woe  ol  t  lie  same 
c>l'det  ol  niagnif ode  ;is  in  .Mate'll,  as  la  ships  ol  7a.O(lO 


gross  Ujiis  were  sunk  by  lM:onis.  All  o|  these  ships 
were  sunk  in  the  Atlantic:  two  nil' Cape  llatteras  in 
I'.ii-Sii  i  i)  -Sea  Trout  iei ,  one  in  Kola  Inlet  in  t he  Barents 
Sea  Area,  and  die  oilier  ten  in  coastal  waters  around 
ijsgiand.  mainly  in  the  Channel  Atea. 

J  he  tempo  of  D-hoal  operations  in  April  gave  no 
indicat  ion  that  the  c  ud  ol  the  war  was  at  hand.  With 
remarkable  determination  the  enemy-  maintained 
hjs  l '-boat  ollettsive  in  inshore  waters  to  (he  very 
end  of  the  war.  No  relaxation  of  r/fori  or  hesitation 

10  incur  risk  was  apparent  mu  il  the  (German  sin- 
it'iuler  on  .May  8.  I  Ola.  A  I'.  S.  cargo  vessel  was  sunk 
oil  Rhode  Island  on  May  a,  hut  a  T'.  S.  destroyer 
escort  task  group  gained  sonar  contact  later  that 
night  and  desi roved  the  t  boat.  On  May  7.  a  ['  boat 
sank  two  mere  bant  ships  horn  a  coastal  (onvov  unit 
the  Tilth  ol  lottfi.  1  hese  were  the  last  merchant 
ships  sunk  In  l '‘-boats  in  World  War  II.  as  Japanese 
l  -boats  did  nol  sink  a  single  met  e  bant  ship  bet  ween 
VK  l)av,  Mav  H  and  V  J  Day,  August  II.  10 13,  while 
six  Japanese  I  ’ -boats  were  sunk  in  that  interval. 

The  M  r  boats  sunk  din  ing  April  10  13  made  t.lie 
highest  moMlhlv  scoreol  the  last  period.  The  ol  these 

-boats  were  sunk  in  the  Mac  ili<  and  the  other  .l>1 
weir  sunk  in  the  At  lain  ic .  with  sitrlace  era  it  at  count 
ing  lor  10  kills,  the  highest  monthly  score  of  the  vvai 
lor  them.  I  wentv  t  wo  ol  these  1- boa  Is  were  sunk  in 
the  watel  s  at  mind  Tngjaiid.  1 1  nee  in  I  lie  Bat  tills  Sc  a 
Atea.  two  along  the  east  coast  ol  the  I'niled  Stales, 
and  loin  in  N’oilliucM  Atlantic  \)ea.  I  he.se  lout 
(  boats  vveie  pat  t- oi  a  gioup  ol  six  (Gtoup  Sea  wo  If) 
engaged  in  a  joint  we  st wat cl  sweep  ol  North  Atlantic 
c  cinv  <>\  lams  while  en  ionic  to  opt  i  a  dons  ei/l  die  [  *.  ,S. 
coast.  I'.sc  oi  is  oi  S.  esc  oi  t  cairiet  task  groups  that 
conducted  a  ha  1 1  id  patiol  which  intercepted  lids 
glonp  ol  l  boats  wet  e  IrspoilMble  I.oi  the  se  lour  kills.. 
( )n  the  last  da\  ol  \|»i  il.  a  (  .  s.  Nat  \  .M  A I  )-e(|uipp<  d 
plane  sank  a  T  boat  in  the  Bisc  ay-Chanm  I  Area  with 

1 1  t i o  bombs. 

Dm  ing  the  Inst  week  ol.  May,  airciall  operated 
with  gieal  ellec  t iveuess  in  Danish  waters  against 
('-boat*,  at  tempt  ing  m  escape,  to  Norway,  sinking 
about  nmol  them  with  icx  ke(s  and  gunfire.  In  addi¬ 
tion  to  i he  kills  enumerated  above,  it  is  estimated 
that  tlteheavv  bombing  j  aids  on  ( jet  'man  porD  m  I !» 
Baltic  probablv  accounted  lor  the  destruction  ol 
over  23  l ’-boats  in  port  during  I  lie  last  month  ul  the 
war. 

On  Mav  I  a  short  signal  was  iiansmitled  on  ail 
1‘  boat  irecjuenc  its.  By  this  signal.  Doettii/  had 
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his  I'-hoiils  in  tease  host i  1  i  1  i<*s.  In  an  Order 
or  i he  Dav  issued  al  die  same  lime,  he  explained  dial 
a  crush  in;;  snj>ei  iorilv  had  compressed  du*  ll-hoais 
into  a  ven  narrow  area  and  dial  die  mill  nutation 
of  die  . simple  was  impossible  from  I  lit*  bases  which 
remained.  H\  Mav  ‘H.  I!)  I'-Sioais  had  surrendered 
:U  sea  l«aOuii  a  smaii  number  unat connied  for.  The 
Iasi  ol  these  it)  i urn  iip>  was  [’  \)~ll  which  surrendered 
ai  Hiirnos  Aires  on  August  17,  alter  die  sui- 

render  ol  Japan.  In  addition  to  die  l  boats  which 
surrendered  at  sea,  huge  numbers  were  rap  titled  in 
ports  or  sc  Milled. 

I  he  end  of  the  war  lhu»  saw  the  I  '-boat  fleet  held 
in  (  bee  k  bnl  still  <  an  \  ii|s»  out  opera!  ions  on  a  ma  jor 
scale.  It  had  ne\er  been  driven  oil  the  seas  and  nii^bt 
well  have  in<  leased  siihstani  iallv  in  numbers  and 
power,  had  the  war  been  extended  lor  am  appreci¬ 
able  period.  \Y'u  t\pe  (’-boats  weie  (list  coining  into 
sct\  ic  e  at  t  lie  end  of  die  wat .  About  six  I  \  pe  X X 1 1 1 
l  -boats  bad  operated  with  l.iii  success  oil  die  cast 
ccjasl  ol  r.be Tinted  Kingdom  and  at  least  dial  limn- 
bet  ol  I’xpe  XXI  l’  boats  had  leached  ports  in  Nor 
w.i.v  with  the  intention  ol  sailin'*  in  the  immediate 
linme  lor  olleiisive  operations.  One  is  believed  to 
have  ac  malls  started  on  patrol,  Imt  it  was  luiced  to 
Him  hack  dm  to  some  lailure  in  ecpiipnieiit.  The 
l  boat  was  in  no  means  eliminated  as  a  weapon  ol 
wat  wlie'n  (.ennam  sum  mit  led.  and  the  new  tvjxs 
vvltich  ( m  i  mam  u;is  imiodm  in<;  would  have  >aised 
serious  piobleins  leal  die  Mlies  h;ul  dle\  c  \  el  leached 
Jill  j*e  s<  a  Ic;  use-. . 

7-  (;ol.\tfrmi:asi:ri;s  to  thi; 

i’-UOAT 

,,!M  Convoys 

SI  i  i  i  >i»i  i  >■_.  hi  uurir.g  im-  J.  I 1 1,  | ,  i« ,,  i  vsas 

s;! li  i  iIniii  in  :in\  ions line.  Mihougli  ihe  imhdici 

of  /onsosed  ships  :u  sea  was  .11  iis  pc  ak,  mils  sis  ships 
"cl  1  -  sunk  1  linn  I  lii.  In  I  boats.  Ol  I  lie  I  100  ships  1  Inn 
sailed  ■  t k ,  1 1  ( f  1 1 \  in  the  Nmili  Adamic  ccjiiums.  01 1 1 \ 
about  one  ssas  slink  mniidds  in  l’  bonis,  usimih  in 
die  s  ic  in  il  >  oi  I'liglnnd.  ihe*  In.ss  inic  w;  1  s  did  clone-* 
ic  ss  1  Inin  I  I II  ol  I  | id  c  i  ni. 

I  lie  pi  open  1  ion  nl  s|  1  i  pi  linn  sunk  In  I '  I  m  nils .  cvliic  h 
nas  in  immi;  when  sunk  in  coulrnsl  lei  independent 
sailings,  increased  in  aboiu  ~>:>  prl  < cut  during  this 
pci  mil.  I  his  inc  lease.'  was  clue-  in  die’  lael  lhal 
l  bonis,  open  al  I  ng  on  Sc  luiore  hcl  in  inshore  waicrs. 


found  il  desirable'  In  operate  in  areas  of  high  ship- 
pin.tr  density,  dial  is,  along  die  eonvov  lanes.  'I  he 
cspericiiec  during  this  period  differed  from  llu:  past 
in  lhal  most  ol  ihe  shipping  losses  oeeurred  al  (he 
terminals  of  the  convoy  routes,  instead  of  in  the 
middle. 

The  principle  of  delcnsr  in  .depth  contributed 
greatly  In  die  salely  of  enlivened  shipping,  particu¬ 
lar!)  in  ihe  ease  ol  the  Norlli  Russian  eoinms.  Dur¬ 
ing  ibis  Iasi  period,  llieie  were  ofieu  suflieienl  ships 
available  so  that,  in  addiliun  lei  die  close  eseori, 
pie  kels  could  be  stationed  in  an  outer  sc  reeii.  Pic  kels 
conhl  inlereepi  sin  lac  ed  ['-lioats.  investigate  sin  'fare 

,1,;,,.  ,i;, . .  .1.1.:....  .,...1..: . 1...  i.s.  - . ,  .  - 
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mander  limeiy  learning  ol  impending  dangers.  Air 
patrols  operated  in  die  /one:  licscmd  the  pit  kels. 

flic  largest  roitvoy  ol  ihe  war.  IIX.S  .'{()(),  consisl- 
ing  of  In?  ships  and  sesen  mid-ocean  escnris,  sailed 
in  [tils  I9il.  Willi  19  lolnnms,  this  ciinuiv  had  a 
from  ol  some  nine  miles.  The  ships  in  the  ronvov 
earried  hut  a  million  lulls  ol  cargo  to  England.  The 
convoy  arrived  salelv  and  Ihe  fact  dial  il  was  not 
auaeked  may  well  have  been  due  In  die  vigorous 
scan  li  bs  a  in  raj  1  ol  the  1  wo  M  \C  ships  for  the  on  I  v 
l.  Iioal  lepm  led  in  die  s  ic  in  it  \ . 

Hark  in  Ni.-pi.c  inliei  191  I.  lullowing  die  transfei  of 
die:  1  be i.-ils  Irom  die  fiiscus  base  to  Norwegian  pol  ls, 
die  Mlies  1 11  mi  Ic.!  ihe  Norlli  Adamic  convene 
mound  die  scgnli  ol  belaud,  llncnigh  Si.  (ieorge’s 
Channel.  Although  not  slim  Idling  die  linage  lie- 
i  iveen  New  Milk  and  I  ,ivcrpoul  10  am  apprccia.blc 
esTenl .  die  soiilhei  l\  rein  I  e  did  lae  i  I  il  ale  I  lie  joining 
and  splitting  ol  sec  lions  from  and  lot  lie  sou  ill  c  nasi 
ol  England- and  die  ( amt im  ill.  It  also  goi  lurlher 
a  "ns  bom  ben  li  die  l '- boa  1  s  based  in  .Norwegian  and 
fleiinan  polls  and  die  lough  wcadici  ol  die  higlici 
I.U ilueles.  Conun  CJ  ,'j?  was  die  first  to  sail  to  an 
Atlantic  po.  I  on  die  Continent,  as  one  seeiiun  nr- 
*  it  eel  in  Cherbourg  on  .Sepicmbcr  7.  Antwerp  was 
opened  lo  Allied  comens  on  November  1!S. 

I  lie  increased  salely  ol  ecimcns  in  die  Ailanlie 
enabled  die  .Allies  10  make  anolhei  change  dial 
would  cjiiicken  (lie  boss  ol  shipping.  Inwards  die 
end  oi  Seplendiei  1911  die  sailing  interval  |<>r  die 
IIX  and  ON  cousins  was  ret  lined  lo  a  class  and  die 
SC  .mil  e  > N 5  comers s  were  stalled  again.  I  Ins 
ineaul  dial  l  he  eons  us  s  would  mu  he  as  large  as  l  lies 
bad  hceu  in  die  previous  monllis.  Inn  there  would 
lie  more  ol  diem.  I  he  lime  spent  in  purl  In  ships 
wailing  loromvoys  was  nil.  mater  iallv  by  this  change. 
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Similar  steps  were  taken  in  ilir  Kasl  Atlantic  in 
November  I ‘Ml.  A  single  escort  sailed  with  convoys 
between  Cihraliar  and  I  lie  United  Kingdom,  al- 
i  hough  additional  protect  ion  was  given  ai  both  ends. 
This  more  or  less  reslored  ihe  artaiigemeni  which 
had  been  in  forte  from  (he  outbreak  of  ilu*  war  until 
I  he:  middle  of  19  1 1 .  Shipping  between  Cibrahar  and 
Freetown  was  permitted  to  sail  independently  ii 
there  were  no  l ’-boats  along  ihe  route.  !n  the  Medi¬ 
terranean  convoying  was  abandoned  except  lor 
troopships  and  lotal  convoys  near  Italy  and  Coerce. 

In  the  last  inonll;  of  the  war.  April  191a,  the  aver 
age  number  of  ships  at  sea  in  die  Atlantic  reached  a 
maximum  of  I  I  (Ml.  about  double  the  number  in  flu 
earf\  months  ol  1913.  About  two-thirds  of  these  ships 
were  in  (Oino\.  Shipping  in  the  Pacific  also  reached 
a  new  high  in  April,  as  there  were  ahniii  !M)()  ships  at 
sea.  with  about  one-thud  ol  them  in  convoy. 

7,2,8  Aircraft 

Most  of  the  U-boat  activity  during  this  pea  iod  was 
i  one  cm  rated  in  the  wants  around  l-.nglaiid  and  con 
secpiendv  ai) <  tall  under  Coastal  Command  opera¬ 
tional  control  played  the  majoi  pai  t  in.  the  olhmsivi 
against  the  (  boats.  At  the  end  of  the  war.  Coastal 
.Command  had-  mole  than  I  1 00  planes  midri  its  c  oii- 
trol.  mole  than  six  times  the  number  available-  at  the 
stint  ol  the  wai .  I  he*  invasion  battle  stalled  in  Mav 
1911,  when  I  -bonis  left  Iiom  Not  wrgian  po)  is  loir 
injoice  the  liiscav  polls  lot  the  attack  on  the  huge 
amotiiil  ol  Allied  shipping  whi«h  would  have  to  U 
Used  joi  the  build  up  o|  tjie  •  \l!ic  cl  beat  hllc.ld.  \  el  \ 
lew  l  -boats  got  tiiiougli,  as  aiicialt  sank  17  U-boats 
and  damaged  .1  i  ot  bets  m  Noi  wrgian  wait  i  s  In  i  u «.en 
mid  Mav  and  die*  end  of  julv,  I  bus  a  .depleted 
l  -boat  fleet  was  lei  I  to  e\< c  tile  the*  plan  to  at  lark  the 
invasion  n sillic . 

\ s  soou  as  ihe  ihv.isio'ii  had  stalled,  the  (  boats 
he.'ldecl  |.oi  sea.  slaving  on  the  smlace  and  lighting 
hack  against  aiicialt  with  their  automatic  !!I  min 
gun.  Coastal  Command  was  n*adv.  and  within  five 
davs  the  eneniv  lost  six  (  boats  while  live  weie  sei  i 
oils  I  v  damaged  j  he  hectic  lew  davs  after  J)  day  pro 
duct  cl  one  ol  the  outstanding  achievements  of  the 
war,  wheat  a  I.ihnaloi  sank  two  l  -boats  at  night 
wit/mi  half  an  hour.  Alter  the*  lust  week  ol  the  inva¬ 
sion,  the enemy  abandoned  his  ideas  of  .stav  ing  cm  the 
surface  and  the  all  Sclmnic  lief  era  had  begun.  Hut 
the  beachhead  was  alieady  secure  and  the  U-boat 


fleet  badly  mauled,  between  mid-May  and  die  end 
of  July  Coastal  Command  aimalt  sank  !!•$  U-boats, 
sliared  two  kills  with  surlact  craft,  and  damaged  LJa 
C-boats.  The  price  paid  for  the  success  was  31  air- 
era  ft  lost  as  a  result  ol  enemy  action  and  )7  lost  as  a 
result  of  operational  hazards. 

Once  i lie  invasion  beaches  were  secure,  it  became 
Coastal's  job  to  protect  shipping  until  victory  was 
finally  won.  If.  was  citflic  id'  to  deice!  .Sc  Imorc  hel  at  all 
and  e  ven  alter  it  was  delec  ted,  the  probabililv  of  at¬ 
tacking  it  sue  cess  I  idlv  was  lower  than  that  for  an  at¬ 
tack  on  a  set  laced  C-lioai.  All  available  aircraft  were 
employed  to  limit  Ihe  Sc  Imorc  hi  I  and,  although  the 
number  of  kills  was  somewhat  disappoint  ing,  only  a 
few  ships  were  sunk  in  inshore  waters.  Thus  (he 
mam  boms  of  fix  ing*  of  ten  without  the  coii-soiaiiou 
of  a  sighting  were  not  wasted. 

M  idi  die  reduced  oppnt  t unities  to  kill  U-boats. 
Coastal  Command  began  to  look  I m ( lie  i -afield.  Dur¬ 
ing  19  fa.  the  re  weir  a  number  of  anti  l  l-boai  sorties 
in  the  Skagenak.  Kattegat,  and  (lie  western  bailie. 
I .ibei atots  at  night  and  rocket  fitted  MoscjuiUis  and 
Hraidighirrs  dining  the  dav  tarried  the  war  right 
into  tile  l ‘-boats'  home  waters.  Numerous  attac  ks 
weir  made,  some  ol  diem  on  the  new  tvpe  U-boats 
which  wile  pro* ceding  to  Norwegian  ports  prior  to 
si  tting  out  on  operations.  I  he  outstanding  ciloj  t  was 
a  mi  ike  in  the  Kattegat  b\  Mosquitos,  whic  h  re¬ 
sulted  in  die  sinking  ol  duce  ('-boats.  In  the  final 
da\\  of  die  wai .  the  Iasi  teal  action  was  seen  when 
(’  boats  began  to  evacuate  notth  Cenimn  ports  and 
i  tin  lot  Not  wav.  Mam  attac  ks  weir  made  and  about 
ten  U-boats  ate  believed  to  have  been  sunk  by  ait- 
nall  in  the  hr  Si.  week  of  .Mav  19-la. 

Muting  i  lie*  entile  pel  iod  aircraft  operating  under 
Coastal  Command  made  about  .'JS  sight  tugs  and  'll  I 
attacks  monthly,  about  die  same  as  in  the  previous 
pet  iod  although  the  concentration  of  f -boats  in 
Miitish  wateis  was  niucli  highei  in  the  last  pet  iod. 
I  lie  use  ol  School  rhel  resulted  in  a  reduc  tion  in  die 
lethality  ol  aircraft  attacks,  as  only  IN  per  cent  of 
diem  resulted  in  the  sinking  ol  a  U-boat  (about 
pel  cent  in  previous  period)  and  about  nf>  per  cent  ol 
thi-  attacks  resulted  in  at  least  some  damage  to  die 
U  boat.  .About  half  of  the  aimall  kills  made  during 
this  if-mouth  period  incurred  in  the  first  and  last 
months  (June  19  J  I  and  April  19  la),  when  a  high  pro* 
portion  of  the  U-boats  weie  found  on  the  surf ’are. 

Operational  results  (hiring  the  last  period  indi¬ 
cated  that  Sc  Imorc  hel  was  a  most  effective  mu  tiler- 
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measure  to  Allied  air  power.  Most  ol  the  1'  boats 
were  equipped  with  Schnorrliel.  lined  with  a  drum- 
shaprd  aerial  { K. nmidipol )  which  was  pressure  t in ht . 
but  gave  warning  only  of  tin  -let  tadar.  The  primary 
elleel  of  Sc  hnorrhel  was  io  cm  visual  and  radar 
ranges  Irons  Allied  ail  e  1  all  l>\  a  iactoroi  about  2  oj  j. 
inward  the  end  ol  this  pet  iod  the  (in  mans  clevei 
oped  an  etlrrdxe  nmi-iadai  rubber-like  cove-ling  lor 
the  .St  huon  hel.  which  was  supposed  to  rut  Allied 
microwave  radar  ranges  on  Ntlmunhe!  hv  another 
Factor  ol  a.  The  langes  at  width  main  radar  con¬ 
tacts  would  first  he  made  were  such  as  to  place  them 
within  the  sea  return  /one  til  Mlicd  radat  sets,  where 
thev  wetv  missed  eniirelv.  h  has  br*n  esiimateil  that 
the  number  ol  potential  Sr  Intui  t  hel  <  uniat  (s  missed 
at  shot  l  ranges  is  largei  than  tin  total  number  ol 
Sclnion  hel  c otitac  is  made  at  all  langes. 

t  hese  advantages  ol  Nr  Imoi c.hrl  enabled  l  boats 
to  optiale  fiver  long  pel  iods  ol  time  in  lesiiitletl 
waters,  with  reasonable  saletv  hum  aiiciah.  bv  n- 
niaining  Imtloined  nmst  ol  liie  lime  ami  (timing  l-> 
St  Iiiioic hc-l  depth  oniv  to  tet  barge  batteries.  I  he 
el  let  liv  ci  less  ol  ait  t  tall  hunts  was  also  tetliu  ed  as  i  he 
St  Iiiioic  llel  l  lie  leased  ( lit  siibjiwiged  speed,  ol  1  lioals 
for  pi  olotiged  pet  iods  fioin  about  2  <n  .1  knot',  to 
about  B  knots. 

St  l/noi <  hei,  .liowe*  cl .  also  had  ils  disadvantages. 
I  he  oil  ell  si  v  e  power,  ol  l  boa  Is  V\  .i-»  gt  eat  I  v  l  et  hit  cd 
as  Lliev  weie  lotted  to  give  up  the  gteat  ntobiliiv  of 
solicited  opeiatiotis  lot  the  telalivelv  slow  speech  ol 
St  IlllOl  (  hel  Opel  at  ion.  I  he  t  flu  in  It  V  ol  l  he  pc  t  Kt  opr 
wait  It  was  impasted  when  i|u;  l  boal  is  .in  at  Sc  .linen 
t  liel  depth,  aiid.thc  noise  ol  die  t  iigini  s  i  c  ndeicd  iht, 
hv  (It  opholtes  plat  lit  ally  useless,  hi  addition,  pm 
longed  usr  til  St  Into)  c  hel  un.thmbu  dlv  inn  eased  jit  » 
soitiiel  In1.ig11cv.a3  a  result  ol  Moving ; t i i  ptessme. 
occasional  limit  s,  and  the  mote  eaielul  attention  le 
(juiled  to  n>a  illUti.U  dept  ll  toiiliol. 

I  )espilp  I  hese  d  isadv  a  ill  ages,  I  he  l  boats  ptelei  ltd 
the  Feeling  ol  sec  mil v  whit  It  die  St  Iiiioic  liel  gave 
l Itctii  to  die  alternative  ol  opeialiiigon  diesiulatt, 
and  depending  on  I  licit  new  dit  et  I  iona  I  miciowavc: 
scale  li  isidars  lot  warning  ol  niitiaii.  With  die  in 
c  i  cased  use  ol  Sell  non  lid.  die  mmibei  ol  I'-hoai 
t  oniat  is  pel  1 0011  f Is  ing  hums  stendilv  c Ic.wi eased  and 
die  rat  in  ol  Si  iiriorc  hel  t  on  l  at  ts  to  all  coin  at  is  sn  :ul 
ilv  int  leased,  passing  ( J ic -  "»0  per  cent  maik  in  De 
( ember  |{l||.  Visual  scale  h  beraiiii  icl.uivelv  more 
productive  iban  tadar  search  as  occasional  sightings 
at  iciaiiveh  long  tatiges  were  made  on  die  eshatist 


smoke  or  wake  dial  sometimes  accompanied  the 
Sc  In  mi  c  hel. 

The  Allies  were  not  able  to  produce  anv  lealiv 
elite  live  eoiiniei  measures  to  the  Sclmorcbel  bv  the 
end  of  the*  war.  Increased  stress  was  placed  on  die  use 
of  bmocidais  iti  visual  search  and  the  most  favorable 
altitudes  lor  die  detection  of  Sr  I  more 'he!  were  deter 
mined.  Tactical  doc  (lines  were  modified  to  lake  ac¬ 
count.  of  the  dec  i eased  sweep  widths  of  both  radar 
and  visual  .search.  Modifications,  such  as  the  fast 
lime  constant  |h  I(.|  <  ire  nil.  were  made  to  .Allied 
latlar  sets  to  impiovc  the  t-flic  icnev  ol  rontacl.  The 
I  IT  circuit  acted  as  a  discriminator  against  sea 
return,  ihciebv  making  ii  easier  to  distinguish  the 
Seiiiior  t  hei  blip.  Now*  ll  igl  ipsivver  narrow-beam 
dioi  t-jiidse  i  a  da  i  sets  were  designee  I  to  |  m  o\  ide  bet  ter 
resolution  in  sraith  lor  small  targets. 'J  ests  indicated 
that  die  new  radar  sets  (‘AX’/A RS-a  and  AX.  APS- 1 5), 
width  opei  and  in  die  X  band  (a-rni)  and  had  shai  p 
beams,  welt  brim  ai  dciec  ting  Sc  hi  lore  liel  than  (he 
eat  liei  hmgei  wave  band  radar  si  ts, 

Aimali  used  sonodmovs  more  hetjuenilv  towards 
die  end  of  die  war  in  oi  (let  I.o  lake  advantage  of  the 
high  noise1  out  pul  of  St  Iuk  >r i  helling  I.;  boats.  Sono- 
buovs  had  bee -ii  used  mk  e esslu !  Iv  in  a  number  ol  at- 
lac  ks  bv  a  in  rail  and  esc  ot  Is  oi  l  S.  est  m  t  t  ai  rier  task 
gionps  and  analvses  indit.iled  dial  in  over  f)0  per 
cent  ol  the*  rases  in  wh ic  h  soiiO-biiovs  vv'ci'C*  dropped 
lol  lowing  v  isuai  ecnitac  Is  on  I  boa  Is  a  smio-buov  eon- 
i at  r  was  obtained. 

7- ‘  *  Sc  ieiiiilic  and  Technical 
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and  tac  l  it  s  dm  ing  t  his  hist  pi  i  iod.  More  tiselid  ind 
Hcsible  Killing  seal  ill  phi  us  w  ere  developed  for  stir- 
late  c  i  a  I  ( .  Operation  ()bservaiil  and  similar  search 
plans,  baste!  on  the  most  probable  loraiiun  of '■  the 
l'  boat,  jvrov  itletl  ships  with  the  means  ol  legaming 
contact  with  a  l’  boat  out  e  I  he  general  lot  at  ion  was 
known.  An  aualvsis  ol  surface  t  t  ali  hums  indic  ated 
dull  when  (he  toilet  l  plan  was  Used,  comae  t  was  re¬ 
gained  m  I  I  pel  ccni  ol  the  cases,  while  die  incorrec  t 
plan  led  Ln  success  in  on  I  \  2<8  pei  cent  of  I  he  c uses. 

I 'lie  l  .  S.  Xuw  (ontinued  to  improv  e-  its  xmar 
equipment  as  c  Apr r«Ym  in  ii  work  was  done  with 
maintenance  ol  deep  contact  feature  j.Ml)(i|  and 
depth  determining  gear.  I»y  the  end  of  die  war  a  new 
Iasi  sinking  influence  depth  charge  had  been  de¬ 
veloped.  die  Mark  I  I.  which  was  considered  to  have 
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liighc r  probability  of  doing  lc*( I ia I  damage  to  ;i  sub¬ 
merged  l  -boat  i !i:m  oilier  cU*| >1  h  charges.  I  his i  iini  j'c 
was  designed  to  lire  al  I lu-  nearest  point  of  approach 
lo  a  l  *•  ho*!  •  I  iv  [  hr  i  liangr  of  iiet|m:nr\  between  dir 
reflected  signal  and  dir  supersonic  signal  emitted  I >v 
i  hf  « I* •  m ( i»  #  ha 

An  aiiahsis  wa.%  made  ol  die  opetat  tonal  results 
obtained  during  I'M.1!  and  KM!  b\  Us  it  ish  siiiiis  using 
depth  charges,  iUdgrhog,  and  S«  |  ti  it  I .  I  (  inditafcd 
dial  a  single  depth  charge  pattern  had  about  a  5  pci 
(Till  <  Main  r  oi  sinking  a  t  -boat  ami  a  I  ledgrhog  ]>ai 
leni  al  least  a  1  a  (hi  t  ml  ( Inline,  while  I  hr  S(  |  n  ad  af 
I  at  ks  averaged  about  a  20  pel  (till  <  ham  r  nl  miu  rss. 

I  he  double  .Stiii id  pal  lei  n  showed  piomiseol  bring 
I  nr  ainsl  Irilial  wtaiwni  against  l  bonis.  bill  ibis  was 
based  on  a  small  number  ol  allat  ks. 

I  hr  grrairsl  irrhnit  ai  rlloi  1  ol  dir  Allies,  howrvrl . 
was  spell l  otl  (lie  clloM  lo  develop  sal islai  loi  v  means 
h»i  die  den  1 1  ion  ol  Sthnoithrl.  As  pieviouslv  men 
1  ionetl.  two  main  lines  writ  hallowed:  (I)  die  im¬ 
provement  ol  ladai  jniloimante  In  (housing  a  de¬ 
sign  rl!r(li\r  against  small  laigeis,  and  (2)  die  im- 
pro\t  iih  ni  *> I  sonar  dt  let  lion,  in  pai  titular  some 
hums  lot  deltt  lion  Itoin  aimali.  I  Ik  thirl  modili 
taiion  involved  u as  i.ii(  i <  ase  in  i  he  opei ai  ing  lilt- ol 
die  bnovs  lo  ledilie  (lie  illilllbel  ilia!  had  lo  he  em¬ 
ployed.  In  addition.  iliiei.t  ional  sono  hums  weir  dr* 
\ t 'l« »] >ed.  w hi*  h  gave  a  ivioie  at  t  malt  Mibiuai  me  posi 
I  it m.  hi 1 1  I  lit  se  did  nol  si  e  opei  a  I  iona  I  nsr. 

I  lie  1"  hoal  toiirni. mil  again  was  ptulifn.  in  dr\<  1 
oping  lien  let  Ini  it  al  etpl  ipim  nl  loi  die  K  -boats  in  an 
elloM  Is:  slave  oil  I  hr  impend  i  Mg  i  Idea  l  inning  KM  I 
dir  (u/ mans  imioduied  a  urn1  ivpr  ol  gr.n  ij.l'l’j 
on  dim  loi  prt  lot  s  whit  !i  rlia  bled  die  lii  lrnl  at  I \  am  r 
ol  die  lolpt  tlo,  uhrn  zigzagging,  lo  hr  pie  srl  al  alls 
anglt*  bom  ils  sii.lighl  inn  lliisgt.u  also  enabled 
i  lie  mean  spt  rd  ol  .advance  lo  be  pit  ;*n<  l  at  will.  At  dir 
end  ol  die  win  lie-  ( >t  l  mans  \vt  I e  developing  a  New 
I  v  pr  ol  homing  loi  pedo.|(  »(‘iri )  w  hit  h  olid  (.fed  super 
son  it  signals  and  homed  oil  die  i  el  It  t  led  et  hoes  Ironi 
die  laigel. 

During  lliis  pel  iotl.  die  fiermails  modified  llieii 
7  10  and  120(1  u.»n  L  boats  in  enable  diem  lodive  as 
tjuiek.K  as  die  aOO-lon  1‘  boats.  I  lie  mns!  distinctive 
leal  lire  ol  iliesr  modified  l.  boats  was  die  naiiow 
t  «i l -:i  wa\  det  k  loi  ward. 

I  owaid  die  end  ol  die  war.  L i i <_•  > » ■  were  some  indi- 
c nl  ions  dial  i Ik  bciiiiiiiis  bad  developetl  an  ultra 
high-speed  method  ol  t  oiiiiiiiiiik  al  ion  fKiniei)  using 
an  al  I  at  hnieni  to  die  nonnal  (  hoal  !  i  ansinii  lei .  Ii 


appears  dial  die  message  was  recorded  on  a  magnetic 
tape  which  was  du  n  rim  dnough  ai  high  speed.  This 
method  ol  t  omtmmit  al  ion  would  counter  Allied  use 
ol  I  IF/P.Ig 

K;u  l\  in  KM  I  dir  IMjoat  couunand  had  come  to  a 
t  It  arcr  applet  iaiion  oi  die  true  situation  will*  regal'd 
in  the  Allied  use  of  radar.  The*,  realized  dial  they 
needed  an  improved  .search  receiver  against  S-band 
(10  t  in)  radar  whit  Ii  would  not  only  give  ample  warn¬ 
ing  bin  would  provide  a  margin  ol  .sensitivity  against 
inevitable  losses  ol  rllitirncv  under  opera! ional  con¬ 
ditions.  I  lie  enemy  had  also  learned  ol  X-baixl 
(a-tm;  radar  I rom  a  trashed  H._,X  blind  bombing 
plane  at  die  beginning  ol  KM  I  and  the  development 
ol  X -hand  srart  h  ret  rivers  was  Mai  led  bv  die  Cel 
m, ms  bcloic  Allied  use  ol  X-band  radar  in  U-boal. 
scan  h  had  produced  imiuv  i  exults. 

I  lie  (icniian  solution  lo  these  problems  appeared 
in  die  laic  spring  ol  KM  I  in  i he  form  of  the  ‘"rim is” 
seat  i  h  i  et  live).  I  tin  is  consisted  ol  iwo  antennas,  die 
“Mutkc  "  horn  lor  \  band  radar  and  ihe  “Cuba  la” 
(l  liegei  dipole  and  parabolic  rellcrlor  lor  S-band 
nular.  filled  with  an  imiimed  civ.siai  defector  and 
(omiecled  io  a  Niinos  2  amplifier.  Healings  were 
taken  b\  totaling  die  DI  loop  o/i  whit  h  die  antennas 
wt  it  mounted.  I  lie  \- band  \l  uc  ke  horn  had  a  beam 
width  c,)l  a  horn  la  stj  dial  healings  on  ‘)(.iif,  radar 
weir  tpolr  ate  male.  1  hr  Vhand  I  lirgo  anleima  tie 
let  it  1 1  Idem  i  at  la  i  i  finish  dssioi  is  tin  oitgh  a  seel  or  ol 
abom  '10  . 

I  hr  1 1 1 i<  f Teal  in  r  ol  diis  t  (|uipui(  iil  was  die'Yliret- 
l iona I  anti  r mas.  u  h it  h  gave  me » rased  sriisil i\  i(  v  and 
s.ingr.  Iii  oidrt  io  obtain  dir  nttrssaiv  srnsiiivii \ 
■wii.lt  tin  sr  aei  ials.  the  ( .r)  mans  had  io  san  ihee  dir 
dtsiiablt  pmpctiv  ol  all  ;.uouikI  looking  anti  dir 
aciiaH  had  lo  he  <  out  inilpu.sl\  y  dialed  h\  die  bridge 
wan./yi.  I  he  imiiv  si  ill  had  io  he  dismomned  and 
lakcj/i  hi  low  on  sulmiei  gt  .lit  e.  and  so  ton  Id  nol  be 

iise(j;on  St  jinordit  I. 

Allied  it  sis  on  laplmed  eipiipnicni  indicated  dial 
I  mlis  was  simple  lo  operate  and  dependable  under 
i mi mal  operational  i ontlii ions.  I  lirsr  tests  indicated' 
dial  rspe-t  it  cl  opera t  ioii.il  ranges  on  Allied  radar  sets 
would  \an  1 1  out  about  20  miles  lor  plant  s  at  “>00  lee! 
aliimde  lo  ahotif  Hi  miles  loi  planes  living  al  2000 
feel.  S  In 'n  i  \p«  (  red  operadonai  ranges  ol  Tunis 
were  gi eater  lliati  the  ( on ispondiug  average  radar 
Hinges,  both  lor  S-band  and  X-baiul,  on  surfaced 
I’  boats,  h  was  t  out  I  tided  ll  ia  l  flu*  Tunis  search  nf- 
t  civer  was  apparenllv  a  simple,  rllitiVul,  and  sne- 
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t css  fill  cuumermeusure  io  }jf >1 J i  .S-hand  and  X  band 
radar. 

The  Tunis  search  receiver  was  list'd  very  inlri- 
cpicnilv  l)\  l1  I >i>:i i s  during  I li is  | >i*r io<  1  and  ii  is  « j u i i<* 
possible  ill. 1 1  lilt*  (Inmans  were  urn  aware  ol  how 
success!  ul  s!  could  be  against  Allied  iadar.  l  ams 
was  developed  short  Iv  alter  Nchnorthcl  had  been 
lined  10  die  I  ’-bonis  and  never  did  receive  a  lair  trial 
in  actual  opera! ions.  I  he  I  boats  apparently  did  uoi 
have  much  faith  in  iheir  technical  expens,  who  had 
Imnbled  so  hadlv  in  iSM.'i,  and  piefeircd  the  sec  nriiy 
ollcred  bv  Sc  I  more  hel.  despile  ils  liinil.it  ion  lor  the 
ollensivc,  10  the  risk  ol  operating  on  the  surface  anti 
de  pending  on  f  unis  lor  earlv  warning  oi  Allied  an - 
nail.  Ihcn  again  Tunis  ollcred  no  protection 
against  possible  new  Allied  radar  sets  on  dillcitni 
frctjucnc  irs  or  against  Allied  aircraft  not  using  railai 
at  all.  while  Schuorchc  I  did.  It  seems  cpiite  likelv  that 
the  l  boats  would  have  sunk  c  oiisiclei  ald\  more  ship¬ 
ping  il  they  had  operated  on  i  hr-  mii  hit  e  with  1  unis, 
hut  the  desire  lot  saletv  was  piedominaui  and 
St  hnote  hel  olleicd  the  lu  ltei  pi ospects  lor  that. 

All  the  rentitiKh  i  artials  jnodtued  hv  the  < »« i  • 
mans  had  die  disadvantage*  that  they  could  not  with¬ 
stand  mi hiurigent  e.  I  lie  pioduciion  of  a  suitable 
pi t  sstn c  I ight  at  rial,  urgently  needed  lot  use  on 
Stlmoicbel.  pii'sc  uted  goal  n-thuiial  dilln  it  Ii  its 
which  wen*  not  cpmplcit  lv  solved  ai  the  end  ol  the 
wal.  I  Ik  oiiIv  seatth  ittrivei  aen.il  that  was  filled 
till  St  It i ion  hel  was  the  old  siandaid  Uunddipol  t  vpr. 
which  could  dt  let  t  onh  until  ladai.  I  In  it.,  volt- 
soi.ile  sir*  ns  dial  the  ( #ei  i  nails  nil  r  dev  eln|  u  ng  a  pies 
sure  tight  .it  i  ini  ai  the  end  oi  the  w;n.  Miitabh  lot 
boil)  S  fraud  and  Xband  tadai  detention  and  hum 
pointing  an  inhaled  net  ivci  as  well. 

Dining  this  pci  iod  the  Gentians.  i-utioditc  rd  a 
vaiietv  ol  midgt  l  .(  -boat-  (e.g.:  S cli'int'l,  \\ulih. 
tlihri .  lift  hi.  and  V  limit  i).  piloted  bv  one  o»:  iwo 
men  bom  a  piessini  tight  cnniiol  position  and  tap- 
able  ol  t  oiuplete  siihmei  gene  e.  I  lie  mu  ( css  I  til  at  ia<  k 
bv  liiiiisli  midy/l  subniai  ilies  on  die  77i  Jiff .  mi  Sep 
lefnbel  22,  l!I  la.  si  inuilaled  ( »ei  man  iiiiriesi  in  these 
eralL.  I  he  flotillas  operating  these  midget  l  .‘-boats 
were  not  hi  am  lies  of A  he  f  -boai  amiol  die  Gel  man 
Xavv  bin  lormpaitol  an  otgnni/ntinii  known  as  the 
Nmn!!  Hassle  l  nits  (. .ommand  |hl)l\j. 

file  S  rrlmml  (I’vpe  X  X  \  T  I ,  was  plobabh  the 
mos!  loi  inidabie  ol  die  midget  (  boats.  It  was  pre- 
labi  icated,  about  "9  led  long.  and  displaced  Mi  tons. 
Ii  rariH-d  two  *o»  peciors  and  a  two-man  crew.  The 


sm  face  speed  was  aboui  l>  knots  and  submerged  speed 
about  3  knots.  I  lie  surface  range  was  about  275 
miles,  i Ik*  endurance  of  die  crew  about  dim-  days, 
and  the  diving  depth  about  100  feet.  Jt.  was  fitted 
wiih  a  periscope. 

Midget  l  -boats  were  used  pi  mini  ii \  in  the  inva¬ 
sion  area  and  were-  generally  inellcciive.  inflicting 
very  little  damage  on  Allied  shipping  while  stiller 
ing  heavy  losses.  This  may  have  been  clue  partly  to 
the  fact  dint  ihev  were  rushed  into  battle  before  they 
were  perlet  led  and  before  their  t  rews  were  properly 
trained.  Their  small  si/e  math*  it  more  difficult  to 
delect  them  inn  they  were  extremely  vulnerable  to 
depth-charge  attack.  I  hev  were  relatively  slow  and 
unhandy,  w  ith  a  limited  operational  range,  and  only 
suitable  lor  ai  on  king  inert  ham  ships  proceeding 
slowly  in  taltn  waters.  It  is  estimated  tiiaL  about  80 
midget  l '-boats  were  sunk  or  raptured  between  l)e* 
u  mbei  2!k  191  I,  when  they  started  opera l ions  in  the 
(ihannel  Area,  and  the  end  of  April  19  If). 

I  he  heavy  losses  sustained  by  U-boats  in  the  Baltic 
ol  die  Adamic  (orced  (lie  enemy  to  undertake  the 
gigantic  task  ol  building  a  complete  new  frontline 
l  -b.oat  fleet.  Though  laced  with  imminent  invasion 
and  with  a  great  shuiingc*  ol  manpower.  Germany 
employed  a  \ci\  large  number  ol  their  .skilled  work¬ 
men  in  tin-  construction  of  pielabrirated  U-boats. 
This  is  a  mrasme  ol  the  iiuporiance  that  the  etirmv 
attached  to  I'-Ijoat  vvailare  and  of  the  hopes  which 
In-  cntei  tained  lor  si.juess  in  a  new  campaign. 

I  In*  /  vpeXXI  U-boat  was  designed  lor  high  snh- 
nu  iged  speeds,  primarily  to  get  into  a  lavorablc  at- 
lack  j>ositiou..()i  iginally  intended  lof  turbine  drive, 
the  high  speed  hull  design  for  the  Tv  pc  XXI  was 
completed  before  tlx  Wahei  propulsion  unit  was 
readv  and  it  wasacuiallv  cep  lipped  with  extra  huge 
batteries  to  give  the  high  maximum  submerged 
speed  of  If/  to  18  knots.  Its  submerged  endurance  at 
a  speed  ol  III  knots  was  about  II  hours.  The  type 
XXI  l  boat,  was  about.  2f»0  leel  long  and  ils  standard 
displacement  about  I (j(H)  ions.  The  large  torpedo 
i  ooin  wit  h  ti  bow  i  ubes  was  an  answer  to  I  he  demands 
lor  increased  atmameut.  The  ('-boat  carried  a  crew 
<>l  f#7  mt'ii  and  20  torpedoes.  Stern  torpedo  tubes  were 
samficccl  to  obtain  greater  speed.  Silent-running 
spi v ds  u!  .ibiMit  :/  Kuois  vu  n-  obtained  on  electric 
motors  when  ..nbincrgcd.  An  improved  extensible 
tvpe  ol  Sc  linorc hel  was  fitted.  The  T*  pe  XX 1  U-boat 
used  diesel  piopulsion  on  the  surface  and  had  a 
maximum  speed  of  If)  knots.  It  was  a  line  ocean- 
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going  U-hoal  and  its  surface  endurance  was  r.sti- 
mnicd  to  be  greater  than  that  ol  a  7-10-ton  l 1  boat. 

I  Ik*  l\;;e  Will  U-boat  was  developed  on  re 
\|tm  iiihsi.a'.  li’Oin  HH  .MvdiiviTciiiean  U-boai  com¬ 
mand  lor  inshore  wains  and  short  cruises.  These 
charm  lerisi  i<  *  were  also  useful  lor  operations  in  die 
invasion  area.  The  T\pe  Will  I’-hoal  was  about 

I  i  i  I  eel  long  and  its  standard  displacement  was 
about  :;:>()  tons.  Ii  had  two  how  lubes  and  carried 
only  i  wo  torpedoes.  The  loial  t  lew  consisted  ol  only 

II  men.  I  is  maximum  Miilat  e  speed  was  1 0  knots  and 
ils  in:?:*: in! mu  submerged  speed  12  knots.  The  sub¬ 
merged  endurance  at  10  knois  was  about  1  fw  hours. 

Both  Type  X\l  and  T\pe  Will  l  '-boats  were 
built  l>\  a  which)  o|  pielabrit ai ion  which  lei!  inm 
lour  stages,  basic  pans  were  manulac  lured  ai  a  mini 
her  ol  widelv  dispersed  la<  lories  situated  along  (ier- 
niam’s  inland  waicnvavs,  .Sections  ol  the  hull  were 
assembled  ai  a  number  ol  shipyards  and  sent  horn 
them  lo  ceilaiii  ke\  vaitls  lor  welding  into  complete 
I  - boats,  wiiic  b  wele  then  luted  out  under  covrirtL 
shelters.  J  he  fin.-d  assembK  vaids  for  the  i  \  pe  W1 
l  boats  wue  I  lambing,  Bremen,  and  IHul/ig. 

•S  peer's  dispersal  ol  bis  organi/ai  ion  did  ninth  to 
defeat  Allied  bombing,  bin  die  indiiect  lesnhs  of 
Wlied  raids  were  si  l  ions.  The  ( »<  l  man  n  anspoi  I  svs 
I'eiri  was  disiupted  b\  Allied  bombing  of  touirimni 
i  a  I  ions  and  ibis  did  uim  h  to  set  bat  k  i  he  i  line  si  lied 
ulr  loi  (be  < oil st  1  (it  lion  ol  (llese  new  I  -boats.  I  he 
liisi  ju  elabi  it  and  I'  boat  was  ipinpleletl  in  June 
IfM  I  ami  l>\  the  lime  ibe  wai  ended,  die  t  neiiiv  had 
completed  about  120  I  vpr  Wl  T  boats  and  aboni 
lib  i  \  pc  XXIII  U  boals.  Both  die  new  tvprs,  bow 
e\ci.  w ei v  put  iin'o  protlut  i ion  pit  m.ituirlv  anti  tie 
let  is  dis(o\eic<l  timing  Dials  and  teething  Doubles 
had  pn.:\enietl  diem  liom  brtomiiig  opei  at  ionai. . 
I  lit  loss  ol  die  easlcin  .Gallic  polls  'and  die  licavv 
boiiibing  ol  die  western  IhiitK  polls,  logelhei  with 
mining  of  that  atea.  I  in  rhci  delated  the  long  awaited 
ollensi'.e  |»\  die  IK  w l\pt-  l'  boals.  About  si\  pad.ols 
weie  mac le  In  I  \ pe  XXIII  l  -boals  in  die  Xoi  di  Sea 
hclorr  die  end  ol  the  wai.  J  he  immense. elhu  t  pul 
into  developing  1  \pe  NX!  was  a  <  omplelc*  waste  as  it 
did  noi  opei  ate  at  all  beloi  e  die  ( .emian  .-anrcndci . 

The  Allies  wei  e  loi  ted.  howevri .  {o  develop  conn 
lei  measures  lo  die  high  speed  T  boats.  1 1  MS  S rtuhh 
a  Bril  isli  submarine.  was  t  onxei  led  so  I  hal  she  t  on  Id 
make  12  knots  for  a  I i i iitt c-< f  lime  ami  dials  were 
fontlntled  lo  develop  new  lac  tics  lor  use  against 
the  high  speed  T’-boais. 


I  i 

Three  'Type  XVI I-B  If -hunts  with  turbine  drive 
were  completed  before  the  end  til  die  war.  These 
were  built  lor  experimental  purposes  to  obtain  infor¬ 
mal  ion  on  (adits  and  improvements  for  die  Type 
WYI  U-hoal,  which  was  to  be:  die  perfect  U-boat, 
incorporating  ail  Hie  advantages  of  earlier  experi¬ 
ence  and  the  extreme  lv  high  speeds  available  with 
the  Walter  propulsion  units.  'The  high  speed  ob¬ 
tained  from  turbines  using  hydrogen  peroxide  luel 
was  ol  limited  duration  and  was  only  to  be  used  in 
ai  lacks  or  other  emergencies.  A  diesel  for  cruising  al 
.St  Imorchel  depth  and  a  small  battery  and  electric: 
motor  lor  (juiei  running  were  lo  be  used  for  all  other 
purpose*.  ‘There  was  no  expceiaiion  of  ever  opera  I* 
ing  these  l  -boals  on  die  surface. 

‘I  he*  T\  pc  XXVI  l-boa  i  was  in  lent  led  (t>  be  about 
1  HI  feei  long  and  lo  cans  a  crew  of  37  men.  The 
maximum  submerged  speed  on  turbines  was  to  be  21 
knots  widi  an  endurance  ol  about  b  hours  at  that 
speed.  1  eii  tot  pet  lots  were  lo  be  carried  in  four  bow 
anti  si\  side  torpedo  tubes.  Sound  gear  was  lo  be  used 
to  direct  torpedo  lire  from  a  submerged  position  and 
all  leu  loipednes  could  be  bred  in  one  salvo. 

Ii  should  be  stressed  ai  this  point  this*  no  Tvpe 
XXVI  [‘  boats  weie  ever  buili  and  that  lit)  Tvpe 
XXI  (  boats  ever  opeiatod  al  sea  before  V-K  Dav. 
J  lie  com  lusions  tleveloped  in  ibis  J t *xi orv  of -World 
W  ai  II  do  no!  uctessaiilv  appls  io  diese  high  sub- 
nieigetl  speed  (  -boats, 

Sinkings  of  li-boals 

I  lie  ;u  cl  a<;c  member  ol  l '  lx  nils  sunk  in,  Mi!  Ills  dill  - 
m*;  ibis  [iciiot!  was  IS.  s] i&>  1  ] I J\  less  than  , i luilll*  die 
pres  ions  peak  piiiod  I  lib  (Icchsisc  was  due  pri¬ 
ll  in l  ils  lo  I lu-  (  onsidci able  drop  in  i  lie  ;b-erai;r  inun- 
bc  i  ol  i  '  boals-  al  sea.  I  lie  loial  nnnibcl  ol  ( '  boals 
Mink  dm  i  i  ii;  ibis  I  I  I  IK  II 1 1 1 1  period  (|nne  |<)ll 
lluoiii;li  Apiil  j  !J  !.->>  was  I  llli,  ( onsisi  mg  ol  !(j|  Ger¬ 
man  l  boats  and  ,‘!a  Japanese  I '-boals. 

Oser  HO  per  rein  ol  die  I  18  1.'- boats  sunk  in  (lie 
Atlantic  weie  desiiou'd  ill  the.  waters  surmciiirb’Tif, 
i.ii!*l;m<l.  as  •></  were  sunk  in  tlu*  liiscas-Cliainiel  Area, 
.‘ka  ill  the  \orih  I  ransii  Area- Kasl.  I  I  in  (lie  North 
Sea.  and  l.'l  iii  die  Xoriluasl  Allanlic  Area.  The 
"■her  27  .'.dan!;.  !'-l,o.ii  kills  were  abided  as  bil¬ 
lows;  7  in  ilu-  Xorlhwesl  Allanlic  Area,  (i  in  the 
Harems  -Sea  Area,  and  I  I  in  w  idely  sea l  tried  pans  of 
the  remainder  ol.  the  Adamic,  I)  of  them  in  the  west 
Atlantic  and  lise  in  die  east  Adamic. 
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SCIINORCHKL  1 --BOATS  OPERATE  IN  BRITISH  HOME  WATERS 


Silt  l:i< -i*  i  iTt t'i  displaced  .lire  t  all  as  I  hr  I i nt»  killri 
of  T-buais during  1 1 1 is  period,  as  most  ol  ihe  Uernian 
T  boats  operated  on  Srlmorchel.  Allied  ships  sank 
*)2  I  ’-bouts  alone  (17  per  mil  oi  lotah  and  another 
!  -j  (S  per  cf'iu  of  mial)  widi  die  help  ol  airnali.  Air- 
trail  sank  ,r»7  T  boats  (2!)  pel  rent  of  total'.  As  mosi  o! 
1  In*  T-hwats  operated  in  inshore  waters,  tarries  based 
aircraft  p  laved  a  smaller  pan  during  ibis  Iasi  period 
ac  counting  loi  r-nh  I  1  ol  die  72  l  boat  kills  in  whit  h 
airnali  pail  it  i|ialed.  Allied  stibinai  mrs  sank  1 7 
1'  boats  (d  per  teni  oi  lolai).  mosi  ol  diem  in  die 
Pat  i (it .  I  he  olliei  la  l  heals  (7  per  teni  of  toial) 
were  losi  as  a  lesidi  ol  mines,  mat  i i it*  casualties,  and 
st  ill  i  I  iug. 

Ihe  uualitv  n|  sinlate  nail  aiiatks  teat  bed  ils 
highest  level  dining  ibis  Iasi  pel  iod  as  over  !»0  pel 
t  till  oi  die  allatks  wen*  lelhal.  Ibis  pel  c  c  mage 
readied  a  high  ol  about  all  pel  tent  dining  die  in¬ 
vasion  pel  iod,  when  l ‘-boats  lirsi  slat  ltd  opetudug 
on  St  lino)  t  he  1 .  h  (hopped  lo  about  20  pet  u  ni  as 
L  -boalb  pet  let  ted  iheii  inshore  latiits  dm  ing  the 
Iasi  fpiailet  ol  Id  hi  and  du  n  inn  cased  again  i«> 
a  bon  I  !10  pel  (  nil  dill  in**  die  It  j  si  lew  mmilbs  ol  Id  la. 
as  lb  iiisii  esc  m  i  ginups  h  at  tied  how  to  deal  with  die 
bolloined  ( ’  boat. 

™  STRATA  OF  RESULTS 

7.;u  I  T  oni  the  l '-boms’  Point  of  View 

Some  idea  ol  dt<  allilmle  ol  l  boat  (  tews  and  ol 
lit  (is  dm  jut;  I  It  i*%  Iasi  priind  max  lie  obtained  limn 
siaremeiiis  made  !»v  pi  isoners  ol  war.  iowaid  die 
end  o|  IfM-k  inanv  doubts  ami  t'jueslioiis  had  at  isen 
tom  i.  ruing  the  onn  oim  «>l  die  wai  and  the  supposed 
Sll pel  jolil  v  ol  ( iel  ri’l.ii l  weapons.  T  hese  ..don bl.s  be¬ 
came  sll  olivet  Villi  II.  dt  spill*  the  Ul.iliV  piomisis  ol 
nT.vv  Weapons  made  In  die  T  boa  I  Toimhand.  piai 
I  i  ( .ills  none  wete  supplied  and  die  {.'  boa  is’  sima 
don  sleiulilv  di  lei  ioi aled.  The  ioi  iriei  enthusiasm 
a  tid  ron  (idem  r  ol  1.1  ie  men  in  lilt-  powei  ol  l  heii  aims 
and  ill  ihe  competence  ol  i licit  leaders  mined  into  a 
kind  ol  lassimtle,  and  icwillcd  in  a  mechanical  esc- 
t  ui  ion  ol  <  out  mauds.  I  be  phrase  “main  s  ai  e  oi  decs" 
i  bai  lt(  teri/ec1  the  l\  pit  a  I  slate  ol  mind.  I  lie  in  a  joi  i  I  \ 
ol  T-boat  olhcei  sm  v  ivors  expressed  in  no  lincei  lain 
mms  die  opinion  t i i ;i i  die  T -boat  was  no  longer 
plat  lit  able  as  an  ollnisive  weapon  in  view  ol  the 
elfec  Live  ness  ol  Allied  antisubmarine  measmes  at 
that  time.  l)(‘spiie  their  stale  ol  mind,  die  T  boats 
louglil  lo  the  mis  end  ol  die  war  with  discipline  un¬ 


impaired.  and  there  wire  no  signs  ol  any  collapse  oi 
i .be  (icrman  Navy,  such  as  occurred  in  1018. 

About  T>  l '-boats  Wei  e  sunk  monthly  :n  ihe  Atlan¬ 
tic,  slightly  iess  than  tile  previous  figure  of  lb.  i  he 
average  number  of  l  .'boats  at  sea,  however,  had  de¬ 
clined  lo  !)‘J  Imiii  the  average  of  til  in  the  previous 
pei  iod.  This  meant  that  the  average  life  of  a  U-boat 
at  sea  in  die  Atlantic  was  only  three  months,  even 
lower  dian  ilu*  average  lile  of  four  monihs  in  the 
previous  period.  Despite  die  use  of  Selmorc hc  l  and 
maximum  submergence  tatties,  the  IJ-btiais  found 
opci  at  ion  in  inslioie  w  aters  just  as  hazardous  as  they 
bad  been  at  die  beginning  ol  the  war  when  the  U- 
bo.its  had  lo  give  up  close-in  submerged  operations. 

The  exchange  rale  in  the  Atlantic  was  about  the 
same  as  in  the  pi  ev  ions  period  as  onlv  b/K)  of  a  ship 
<:>:;()()  gross  Ions)  was  sunk  by  the  average  LI-boat 
helot  c  it  iisc'll  was  sunk.  U  boats  operat  ing  in  inshore1 
waters  when*  tbeie  was  a  heavy  concentration  ol, 
shipping  were  able  to  sink  a  link:  more  shipping 
per  month  at  sea  during  this  period  but  this  was 
balanced  hv  l  hi  higher  loss  I  ale  sidk-i  id  bv  diem. 

The  ladies  evolved  by  die  Schnorchel  T-boat 
toward  die  end  ol  ihe. war  involved  practically  no 
Mirlaced  operations.  In  .transit,  navigation  was  by 
dead  ie<  honing,  radio-nav  igai  ion  til  fixes  oil  the  chain 
ol  T.lec  (i  asotinc"  1 1  ansmirters  and  beacons,  and  also 
b\  ei  ho  vomidri  and  periscope  heal  ings  of  lights  or 
poijiis  ol  land. .Selmorc  helling  was  mostly  at  night. 
Ioi  onlv  about  lour  lioms  in  rath  21.  When  Selinor 
(belling,  a  T-boat  kepi' all-around  periscope  watch 
day  and  night,  and  constant  meter-hand  C.kSR  wale  I). 
Diesels  writ  stopped  one;;  ever a  la  to  ‘>0  in  mules'  to 
make  an  a‘ll-t omid  hydrophone-  sweep.  Once  the 
T  boat  was  in  die  pal  ml  aica.  ii  .was  a  recognized 
lactic  iu  lit  on  die  bottom  ol  a  convoy  route  and, to 
come  up  onlv  when  livdi opbone  c  oiilac  i  was  estab¬ 
lished.  for  asm  ing  die  torpedoes,  die  periscope  was 
si  iJI  v  in  nail  v  die  only  insirimiem.  available.  Salvos  ol 
c  ui  lv  ioi  pi-does  were  hi ed  a mong  t  be  mere  bant  ships, 
or  else  a  single  acoustic  torpedo  at  eillier  die  coiivov 
oi  an  esc  oil.  The  usual  methods  ol  evading  Allied 
<  numeral  lac  ks  w<ie  either  King  on  the:  bottom,  or 
else*  proceeding  at  silent  speeds  ol  about  :>  knots  or 
less  on  electric  motors. 

\  lie*  Xc  in  ion  I  it  I  enabled  T-  boats  Lo  operate  in  die 
above  manner  in  inshore  areas.  T  hese  l  '-boats  would 
have  met  certain  desl’iuel  ion,  bad  ii  still  been  necev, 
saty  lor  i  hem  to  surface  periodical  I  v,  lor  a  lew  hours, 
in  charge  batteries.  Tile  problem  presented  bv  die 
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SUHVIvY  OF 

St  hnoirhel  l  -boai  has  been  thechicl  concern  ol  Mir 
|.i tv  trail.  n'lnw  main  difiic it i t \  has  been  ! 1 1 at  ol  « I i s 
I ing  dishing  I >i'( ween  a  hoilomed  l’-l.*c»ai  and  .1  wieck. 
A11  cNU'iisix e  survev  ol  w leeks  in  British  wain  s 
lie'll >i'il  c  nusiderahh  in  solving  this  problem. 

Sdinoit  !u  I  enabled  i'  hnals  In  opeialc  in  inshore 
waters.  hut  ii  did  not  enable  I  hem  lo  at  hit  \  1 •  ain  sig¬ 
nificant  resides.  Opera! ional  results  dining  1  lit-  Iasi 
two  \cars  of  ilu*  war  iiuiicaied  dial  1 1  u-  standard 
I'-hnul,  with  or  without  St  luiort  In  i.  ttmld  no*  opt  i 
ale  successfully  against  Allied  am isninnai  ine  meas¬ 
ures.  Ii  is  impm  tain  lo  reali/c,  however.  dial  die 
I’-lioal  war  was  mu  cletiMvclv  ended  in  \ i a \ 
Mermans  had  a  Heel  ol  about  120  !  \pe  \  \l  I  boats 
lend  in  si  ail  operations  and  was  de\  eloping  die  I  \  pe 
XXVI  l ’  boat.  Ii  is  djlfn  idi  in  sav  whedic!  tile  hi** h 
submerged  speed  would  have  icsioiecl  die  advantage 
10  the  l  -boats  and  would  base  enabled  them  in  in 
Hit  I  t oiisidel able  damage  on  Allied  shipping  widiont 
slilleliiig  excessive  losses. 


7.1.V  From  (he  Allies1  Point  of  View 

1  he  Allied  and  neuiial  naii<ms  losi  alionl  I  I  1.000 
gloss  ions  n|  melt  bam  shipping  eatb  mniidi.  hum 
ail  causes,  dming  ibis  peiiod  Ibis  was  the.  lowest 
aveingc  1 1 101 1 1  Ills  loss  ol  the  wai  and  aloni  °"i  pet 
cent  less  llian  in  die  picvfoiis  pn  ind.  I  lie  iftihiriK.' 
lion  ol  new  nit  it  bant  shipping  avei  age  d  about  S  iO. 

000  i»i oss  ibtis  a  niohlli.  Miglnlv  less  1  fieri  in  the 
pit  \  ions  pei  ind.  ( !oiisc<)irt.nth  ,  lla  1  «■  was  ,1  m  l  ” .  1  i r  1 
ol  alionl  Toli.l KHI  gioss  unis  ol  shipping  eat  h  niorub. 
in  a  tola  I  im  1  ease  <  I  mi  ng  diis  pel  it  x  I  o(  about  N.000. 
000  i»mvs  ions  in'  the  aiimmil  ol  shipping  a\a liable. 

()!  die  I  I  I.IIOH  gl  oss  ions  of  shipping  lost  mmilhh 
bom  all  tauses.  abnnl  Sl.(H10  gioss  ions  »u  ie  iosi  as 
,1  iesn.li  ol  enemv  at  lion.  I  boats  ,11  miimnl  Joj 
.V>,00()  a,i t»ss  ions  a  inouifi,  ol  alionl  b7.pt  1  tenl  ol .  die 
lola'I  lost  as  a  resiili  <i|  enemv  at  lion.  Alondih  fosses 
iiuMiftm  mines  lose  lo  In. 000  gioss  inns  fix  pn  <ein 
ol  eiicinv  at  lion  total)  as  \llied  shipping*  moved 
t  lose  to  die  sliotcs  til  Knrope  alter  die  invasion, 
bosses  10  enemy  aircraft  chopped  in  S000  gloss  tons 
(0  pci  trill  ol  enemv  at  lion  tola!)  a  inoiidi.  The 
other  aOIJO  gross  ions  (li  per  tenl  ol  enemy  at  lion 
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oual)  sunk  monthly  were  lost  as  a  residi  of  surface 
t Tali  a  1  i;u  k  and  oilier 'enemy  at  1  ion. 

By  die*  end  of  ibis  pei  iod.  Allied  armies  had  over¬ 
run  Ocrmanv.  and  die  surrender  came  on  Mav  H, 
Mila.  The  Allies  bad  defeated  die  t ’-boats  in  1913 
and  had  succeeded  in  keeping  diem  incllecl ive  thcrc- 
alier.  It  was  bolli  an  offensive  and  defensive  viciory 
as  die  average  ( '  boal's  life!  ime  at  sea  in  the  Atlantic 
was  onlv  dove  monihs  and  ii  sank  tmlv  about  tine- 
hall  ship  beloie  it  iist  II  was  sunk.  The  Allies  were 
mu  able,  however,  lo  tlrslrov  die  enemv’s  lF-boal 
Heel  widiom  imasion,  as  die  enemv  s  construe  (inn 
•  >! •  had  !  ;e;  n  able  i«»  iV|T«ic  .til  losses. 

!  lie  war  vi-.i.c  )S;=ve  demons iraud  I'b.ii  die 
siandaid  t’-hoai  could  not  operate*  0:1  the  surface 
against  slicing  Allied  ait  power.  Ii  should  he  re- 
1  Hen  1 1  in  ed..  however.  dial  die  l  -boats  did  not  oper¬ 
ate.  10  any  iaige  esieni,  with,  a  re  liable  tadar  01 
seaith  icteiu-i  dial  could  detec!  Allied  planes  al 
long  langc.  Denied  die  sm  lace  of  die  sea.  die  stand¬ 
ard  L  -boai.  with  limited  submerged  speed  and  en- 
durante,  emild  noi  operate  clleclively  against 
si  tough  escorted  .\ilied  (onvovs. 

Hie  (tcniian  soluiioii  in  ibis  problem  was  die  de- 
\  eli  ij  mien  1  ol  die  I  vpe  XXI  and  Tv  pc  XXVI 
l  boats,  which  had  much  higher  submerged  speed 
and  eiiduiame  and  tould  operate  underseas  en- 
dieh.  I  hese  (  boats  would  be  relativch  as  sale  Irom 
ail  ailiiik  as  weic  die  siai.idaid  Schuorcliel  b'-boais 
■uid  would  In  iiujt  Ii  sale)  honi  smface  trail  attack, 
-due  10  the  it  high  snlimciged  speeds.  Thev  would  be 
much  mine  elleclivr  against  rn  moved  shipping  as 
dicii  high  spied  'would  enable  diem  lo  appioath. 
and  keep  up  widi  Allied  1  onvovs  widioul  surlaeiiig; 
W  e  i  aiiuoi  del ei  mine  w  idioul  cMensive  trials  and 
f\e[ <  ises  with  high  submerged  speed  L'-hoals  -jusi 
bow  line  b  inoie  t  Met  live  lltan  die  standard  ivpcy 
du  \  would  be.  \>'e  cauJini  now  cjelerinine  cpianti- 
lalivelv  wbiiliei  diev  would  be  90  per  c  cm  heller,  or 
leu  1  i  1  m  s  as  good.  I  1 0111  die  Ii  isiorv  ol  World  War  1 1. 
hmvevei,  we  ni;i\  cone  lude  dial  these  new  l '-boats 
would  lin.'r  (O  be  about  (‘igbl  limes  as  elleilive  in 
'•inking  ships  and  alionl  lour  limes  as  salt  at  sea  as 
wtic  die  -M  I  more  he  I  ('-boats  in  die  Iasi  period,  in 
male)  lo  at  hievc  die  same  results  as  were  achieved  bv 
dm  f  boais  during  du  n  peak  peinui,  January  MM2 
dirougli  .Sepiembei  MM2. 
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Chapter  8 

SUMMARY  OF  ANTISUBMARINE  WARFARE 
WORLD  WAR  II 


*■'  OVERALL  RESULTS 

''I'UU  on  .M.\(i  hours  of  the  w;n  suv  i lie*  l!lw;iis 
Jilivmlv  in  position  isti  idc  the  ;ip|>m;u  hrs  Jo  ihe 
I'niml  Kingdom.  Their  aim  throughout  tlu*  war 
was  in  Never  t lie-  Now  of  iiu'Khani  shipping  to  and 
IV<»m  (iiini  Hiiiriin.  and  in  i!»<  attempt  the  battle 
was  t  :mi«d  hnlluav  around  the*  world.  The  l  •-boat'* 
held  the  iiiiiiaiiw  h  om  the  bcj»  inn  jug  until  t  licit  d  is 
astiohs  <U  leal  in  * Ji f  Micniin  til  !:»!*».  I  !k  i i*ahri  all 
llleir  elloils  were  lulih*,  and  l' -boat  warlaie.  old 
Mvle.  was  at  an  impasse  when  the  war  ended.  What 
the  enetm  nii«>ht  haw  a< (.omplished  with  the  new 
I  boats  ha\  inj*  hjj»h  suhim‘i“c<l  speed  is  eon  jet  imal. 
but  there  tan  he  no  doubt  that  lliex  would  haw  been 
n  ser  ions  meiiat  e. 

I  he  actual  at  hie\ einents  of  the  (iennaii.  Italian, 
and  Japanese  l*  boats  (luting  the  war  re.suJl.ctl  in  the 
Allies’  loss  o|  liTAli  ships-'  of  I  1  .fj.r»7.(M)()  »ross  tons. 

I  he  ctieinv  also  stiliered  t  onsiderable  losses  at  sea.  It 
is  eslim.Ucd  that  7n3  German.  7b  Italian,  and  !J!i 
Japanese  ['  boats  weir  sunk.  \  total  of  about  I .“«( I( > 
l  boats  weie  built  In  the  elicit »\  .  howcwi,  to  at  liieve  .. 
these  lesldls. 

Ihete  weje.  lllelelole,  ..about  thtee  Allied  inel 
(haul  vessels  sunk  lev  1'  boats  lor  eat  h  j  r  boat  sunk, 
about  two  men  haul  vesse  ls  sunk  lor  "eat  li  [’  boat 
built.  1)1  addition,  the  Allies  vciY  l«»i  i <d  in  iiLui.a.mi 
a  laii;e  and  tost  lv  .nil  isuhtnat  inr  elloit  width  cl  i 
\elleil  llicii  attention  iiom  odiei  phases  ol  the  wai . 
Ill  these  let  ms  the  (  boat  wat  was  a  pioliiable  om;  Cot 
the  eneinv ,  ev  <-|i  though  the  l  boats  were  ullimalelv 
defeated.  II  (in  mail  1  boat  opciations  njdv  wue 
<  onsidti  ed.  this  <  oik  hisjoti  would  he  i«ie:iilv 
slMiij*ihened.  Dm  in**  the  period  pi  iot  to  June  IH  la 

■!  I  he  fi  times  iu  tliix  mHihm.im  aie  Iijim-cI  mi  (’NO  rct- 

nuK  ;is  nl  Nou  inliri  HI.  Illla.  I  tics  do  not  .n»irc  <-\.h  ih  v\ii|i 
*4iveii  in  uthn  ili.iptms  v\tiiili  neir  pit-p.iml  eailiri. 
Xssc’smiimiis  «:f  >l  Licks,  in  pili  lit  til. n  .  Ii.nr  la-en  di.iii^ed  some* 
mii.m  mi  iiir  navis  ni  <*ainc«i  from  <.min;tn  solutes 

:diti  i  J  if  (-min. in  mii  unc.lm .  \s  is  shown  in  i. 

e\m .  lhc  c.ii  tin  asM-ssim/iu*.  :l\  tin-*  c\ islet!  nl  the  end  ol  the  u.u 
wme  in  ”ond  ^enm.il  .i^M  cnienl  uilfi  (.ernian  letrnds  of  xuh 
ma<  ine  losses  and  lllmelox- pirn  id,- a  l.iiriv  reliable  hash  tin  the 
dise.ission  *51x1-11  in  the  other  chapters. 

Kt) 


•hey  were,  ol  course.  unt|uest ionably  smtesslul. 
whereas  sidtsccpicni  operations  were:  an  e<piallv  com 
pick'  sue  cess  for  I  he  Allies. 

Ka  MAJOR  DEVELOl’M ENTS 

I  he  bci-inniii”  nl  (he  war  saw  an  inmicdiair  cam¬ 
paign ol  nniesiriekci  U-hcial  warfare.  The  British 
had  anticipated  sm  li  a  development  and  |-iii  a  pre- 
vionsh  planned  <on\oy  system  in  nperalinn  within 
a  lew  class.  I  he  scale  ol  cllori  was  small,  however,  as 
the)  e  were  ends  a  small  n  tun  her  of  U-boals  at  sea,  and 
the  a  m  isn  lima  line  trail  asailalilc  (o  !he  Allies  eonid 
Rise  onl\  \ci\  weak  escort  lo  ihe  ronvovs. 

I  lie  l  boats  e  oik  cm  i  an  d  i  heir  forces  in  I  lie  s  it  in- 
nv  ol  Britain.  making  tin  ii  attacks  in  dasliRhl  from 
pel  isc ope  depth.  Tlicit  ladies  were  hij-ldv  af-j-revs- 
siw,  and  each  I'-hoal  stored  hcavils  against  Allied 
shipping.  As  a  result  dies  exposed  themselves  to 
coimiiiaii.uk  In  liiiiish  smlace  trail,  whose  Asdic 
elite*  it'd  attacks  picned  lo  lie  much  inure  elite  i  ivc 
•  halt  tile  Gciinans  were  cxpccliiij-.  Surprised  and 
c  cud  used  In  I  he  silt  t  ess  ol  Bril  ish  esc  oils,  the  I  ■  boats 
dc-Miird  most  ol  llieir  a( lent  icm  lo  inclepeiideiil  ships 
and  i hose  in  comm  v\ ci e  i  chu  ivclv  safe.  even  i hotiRh 
weak  I  \  esc  01  ted. 

lit  June  ol  Him  Ei ance  It'll  lo  (lie  (ierman  Army, 
ihi  lesullini;  worsening  ol  (he  British  sti  aiej-it  al 
siiuaiion  had  a  tlirec  i  diet  i  on  the  ( '-boat  war.  In  flit: 
lil'sl  plate  llie  lineal  ol  a  seals  due  invasion  ol  Kri"- 
lanti  tonliiietl  laiRe  numbers  ol  Bril  ish  air  and  sur- 
late  c  i  a  1 1  lo  l  he  east  coast  ami  invasion  patrols  and 
disci  led  ilieni  Irom  am  isiihm.il  inc  dnlic's,  Jn  addi 
lion,  ihe  a< cpiisii ion  of  liases  cm  (he  Bas  nl  Bisc av  c  ill 
do.wu  cm  i  lie  1 1  ausil  linieol  the  l  ’-boats  and  al  lowed 
•  hem  ni  extend  their  operations  farther  into  the 
Al  lain  it . 

As  a  result  ol  llie  clletlisc  (Oimicraltac  ks  stiliered 
.is  simriii  rt-i  o  i  -bo.iis,  iiie  (•er  imins  incmciuceci  a 
i  tit  i  1 1  ai  c  iiaitRc  ol  I  at  I  its.  fliey  began  lo  attack  Oil  die 
smlace  al  iurIm.  a  procedure  that  svas  cliaraclvrislic 
ol  diem  dm  in"  most  ol  the  war.  They  capital i/ctl  on 
the  weakness  ol  British  escorts  and  made  many  ol 
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1  lit'  Hilaries  on  coiiMns,  usuaijv  (railing  (ho  ronvov 
mi f il  dark :ioss(  (hen  coming  in  trimmed  down  on  i lie* 
siiiTaro  fur  (he  attack.  and  retiring  on  die  surface  at 
high  speed. 

'I'll is  method  was  highlv  successful.  and  hold  indi- 
\  it  I  mi  I  a  ((arks  rolled  up  l.uge  tonnages  to  the  l- 
boats-  credit.  The  risks  wen*  proportional!  I\  high, 
however,  Bv  such  lari  it  s  die  mi  islanding  l ’-boat 
aces,  lh  ien.  K.  ret  sc  Inner,  and  Sehepke.  each  amassed 
loials  of  over  200.1)00  gross  ions,  Inti  all  dim  were 
evenuialh  sunk  in  March  1011. 

One  ol  (he  most  signifitani  « ouniernu  asnn  s  io 
I hr.se  surlaeed  attacks  was  (he  inMoc.hu  lion  ol  radar: 
a  makeshift  aircraft  set  was  first  filled  to  esc  oi  ls  in 
November  10  1(1.  Its  Hire  liveness  was  nol  great,  how¬ 
ever,  during  this  early  period.  Various  improvement's 
in  the  mnvov  svstem  weie  made  by  the  British,  in¬ 
cluding  the  lorination  oi  escort  groups.  Admiralty 
eoiinoi  ol  routing,  and  a  wide  dispersion  ol  ronvov 
routes.  As  a  result,  l '-boats  Jiad  greater  difficulty  in 
at  lac  king  c  onvovs. 

Early  in  10  1 1  the  results  ol  German  v  \s  l  ‘ -boat  con¬ 
st!  union  prog)  .mi  began  to  be  It  It.  In  l!K>0  ihrC.rr 
mans  had  only  a  small  I’dmat  Meet,  sim c  rlicii  hopes 
wele  bn  a  shot  i  wai.  W  hen  the*  possibilitv  ol  a  long 
snuggle  with  Biitain  heeame  appai cut.  building  ol 
l  boats  was  given  high  pi  ioi  ii  v .  I  hrv  wt  i  e  c  oni mis¬ 
sioned  at  a  t  ate  ol  about  20  a  nioiidi  Mai  i  ing  in  1 0  1 1 . 

I  beie  was  a  <  oi  lesponding  im  least  in  I ’boat  pel 
sonnel  which,  ol  (ouise,  irsuilid  in  «»  widespiead 
I  owe  l  ing  in  (beii  grUrial  r\pr)hn<r  and  c  a  pa  Ini  it  v. 

Ill  is  n  as  a<  (  elilua  led  h\  the ■  losstil  mmiic  nl  die  best 
I )  ailied  <  lews. 

In  die  MUYinie)  ol  lit  II.  llieielole.  die  bold  tat  lies 
ol  indiv  idiml  night  sin  l.u c  cl  at  tat  ks-on-c  onv  ovs  w ere 
i  nodi  lied,  j  lie  polic  v  ol  noil  pac  k  at  ta<  k>  c  aim-  inio 
Use  in  an  attempt  to  ovei  whelm  die  coiivo;  esc.o»  Is. 

I  he  piocedme  was  lot  die  4*  boai  In  si  comae  i ing  a 
ronvov  lo  withhold  attack,  trailing  the-  mmn\  and 
homing  other  l  -boats  to  the. scene  so  that  a  nunibei 
could  join  in  i  he  a  Mac  k,  i  Inis  c  a  pi  tali/  ing  to  I  lie  lull 
on  the  opportunity  and  leducing  the  daugei  lo  die 
attacking  l  -boats.  ( lonipleiiicnlai  v  to  i  his  polic.  v  was 
a  geiici aj  movement  ol  I  boats  in  die  west  and  south 
in  an  cfloil  lo  find  independent  ships.  I  his  move¬ 
ment  also  gave  iieedom  hoin  the  growing  ai;  i;;\cr  in 
the  v  ic  inil  v  o|  Bi  itain. 

As  a  result  ol  these  <  hanges.  the  Bi  it  ish  wet  e  lot  ced 
to  adopt  complete  end  to  end  escort  ol  n ansat  lam  ic 
convoys.  I  hey  were  aided  in  tliis  cllurt  Ikii Ii  I »\  the 


German  attac  k  on  Russia  in  June  l!H  I  wbicb  ended 
die  threat  of  invasion  ol  England  and  released  nail 
lor  ant  isiibmarine  operations,  and  by  the  entry  of  the 
1.  S.  Navy  in  convoy  operations  in  September.  De¬ 
spite  die  great  increase  in  number  ol  l  '  boats  a  1  sea. 
\!!Ud  I'mtsul  merc  hant  wsscls  did  not  increase. 

A  nothe)  change  introduced  !>\  the  Mr  it  i  >.  i  *  during 
MM  1  was  to  have  a  pmfomul  elhci  on  the  antisub¬ 
marine  war,  in  this  case  the  emuribui ion  made  by 
aimaft.  Air  patrol  had  been  eflective  in  harassing 
the  l '-boats  Iron)  die  beginning,  but  very  few  suc¬ 
cess!  id  attacks  were  made  lor  lack  ol  suitable  weap¬ 
ons.  The  need  lor  a  depth  bomb  exploding  at  shal¬ 
low  depths  was  fmalh  realized,  and  a  2.r)-foot  depth 
se  tting  came  into  use.  With  this  minor  change  air- 
era  It  eveiniiallv  became  du ccpial  of Mil  face  craft  as 
killers  ol  l  boats. 

W  iih  the  I*.  S.  eiin  v  in  the  war  at  die  end  ol  Mill 
the  scope*  ol  (  -boat  operations  expanded  rapidly. 
Ihe  Germans  had  a  large  and  tapidly  growing 
l  -boat  licet.,  so  that  they  were  able  tc>  launch  a  full- 
scale  offensive  against  die  weakly  pioirefed  shipping 
in  S.  coastal  waters.  They  were  at  fiist  able  to 
choose  and  sink  their  victims  virttiallv  unimpeded, 
and  Allied  losses  leached  catastrophic  size,  I  10  ships 
of  (iOH.OOl)  gross  tons  in  [line  Ibl2.  lor  example.  De- 
lenses  wt-ic  organi/cil.  however,  which  loreed  an 
eventual  vviihdiawaJ  ol  the  l:  boats.  With  the  im.ro- 
duc  lion  ol  <  on  vox  ing  in  hasieru  Sea  Emm  ier  in  Mav. 
losses  in  that  atea  weie  lecluced.  while  those  in  (dill 
Sea  I'MMiiier  soaied.  I-  boat  successes  there  were 
slioit  lived,  diougli  the  Caribbean  remained  a  soil 
spot  duoughoul  the  ^iimiuo  ol  1012.  Nevertheless 
i  fie  c  on  tii  it  icd  -extension  of  c  omen  ing  and  a -it  patrol 
drove  i  lie  I  boats  out  ol  die  coastal  areas  In  fall,  and 
diev  then  l etui  tied  to  the  North  Atlantic  . 

Dining  this  period  I ’-boat  aitiviiv  in  the  Eastern 
Adamic  was  at  a  standstill.  ( ionsecpient l\  British 
forces  were  bee  to  begin  a  counteroffensive  against 
I  boats  in  nansit  lioni  I  licit  bases  to.  die  operai  ing 
areas  in  the  W’estei  n  A  i  Dm  tic .  Goa.slal  Gommand  ah  - 
nail  patrolling  the  Bay  ol  Biscav  with  radar  and 
seat  c  bliglns  in  flic,  led  considerable  damage  on  the 
L’-lioals  during  the  summer,  until  com  tiered  bvGei- 
in, in  scare  h-reeeiuT  development . 

As  a  diii  ii  calou  io  make  up  die  hc  avv  siiipping 
losses,  die  Allies  stalled  an  intensive  building  pro 
giam  during  MM2.  Despite  all  iheir  elloUs.  however. 
C  boats  .sank  ships  bister  than  diey  were  built  until 
about  the  end  of  the  vear. 
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In  ()« ioiji  i  ii  was  evident  that  1 1 u-  l  -finals  were 
returning  to  the  North  Atlantic  in  lone.  Aiiadxm 
transatlantic  convovs  we  re  their  objective,  ami  they 
operated  in  i In*  mid-ocean  gap  which  couhl  not  be 
reached  b\  land  based  air  patrol.  This  gave  them 
Im-dmn  to  opera  «c  on  {Sir  surfaii-  .m<!  gainer  verv 
large  woll  packs  often  len  or  more  and  occasional!  v 
as  mam  as  -»0  lo  If).  A  lonn-cnl  aitac  k  ol  lins  sort 
olten  led  io  breaks  in  the  rsuni  Jormation  and  dis¬ 
organization  nl  I  he  defense 

Xevei  i lieless  die  vast  <on\o\s  lor  die  \orih 
African  imasion  made  I  licit  wax  honi  Htiiain  wild 
nut  sei  ions  losses  because  ol  the  complete  air  cove) 
age  provided  lot  diem.  Routine  trade  (union  were 
less  fnriimaie  as  die  tonnage  lost  lopped  700.000  in 
November.  Against  a  l  boat  lleei  which  was  able  lo 
niaiiitaiii  about  |0()  ['  boats  at  sea.  even  the  mole 
ellit  i(  ni  cm  i  in  s  which  v.eie  In  led  with  S-band  racial 
were  inadequate.  Ifcaw  losses  continued  dining  die 
u  inter,  most  I  v  in  the  Xoith  Wlamic.  but  also  in 
other  widespread  aieas  whi  te  < I i \ ei  siouai  \  l  boats 
\\  ere  oprtutiiig. 

In  the-  spiing  ol  101. 1  the  innim  defenses  W'eK' 
holstcied  In  a  limited  amount  ol  aiicialt  patiol  in 
the  mid  ocean  gap.  which  pioved  to  be  estiaoicli 
ii. n  ilv  ellee  ( i\ c  .  \  small  inuuhei  ol  \J.Raimalt  be 
<  ante  a  \  aila hie  in  Mai  (  h.  and  die  l  SS  l(  A  T.  j 

aNn  sailed  in  siippoi  I  of  the  eoil\o\s.  (  .oiisidrt  a  hie 
numbers  ol  I.  boats  unr  sunk,  hut  thrv  continued 
to  attack  in  lorn  unlil  r.iih  Max  when  the\  u<  i< 
cl i  i\i  n  oil  I  nun  ONs  )  in  I  lie  d< e  i -s i \  e  c  oinoi  batife 
of  die  iiiii.  \ln  r  Mits  I  7  no  ships  \v«  ) «' Mink  ini f K 
\ollll  \  I  l.l  M I  i(  Ini' '  vmjii  ii  me  . 

\\  hile  aitc  j.i[i  Wen:  thus  c;list  ingu  isliing  themselves 
in  t he  de lei i sc-  ol  convovs.  i he  ( ioasiai  ( Command  of 
Ic  iisive  against  ii.msii  I  boats  was  also  beat  ing  h  nil. 
S-liand  tadai  iris  itmodiued  »  oi  l \  in  10  1  ».  and  the 
mm i he  i  ol  sightings  and  aim  ks  son led.  Dm  in"  May. 
:'»7  I'  boats  wen  sunk  in  liir  \tlaniic,  II  ol  them  in 
die  Uav  ol  Rise  a\.  I  lie  success  ol  these  opci  a  I  ions 
c  out  iuued  until  the  end  ol.  the-  summer. 

Ih  |iils  tin  I ‘  hoais  had  dispersed  to  i>».  to  lind  a 
solL  spot  in  Allied  deli  uses.  I  lies  failed  completely, 
and  found  t  Jicmselvc  s  at  lac  ked  even  in  mid  cm  c  an  bv 
(AKhascd  aricndi.  In  .Atlantic  waters  a  total  ol  a  I 
l  ’  boil  Is  Wile  sunk,  most  Iv  by  aiicialt.  I  lie  » <  suit  ol 
such  disiistioiis  losses  was  a  complete  dele;il  ol  the 
l.  boats,  in  which  dies  gave  up  aggressive  sin  laced 
ope)  ations  ii  ltd  submerged  during  daylight  bouts  io 
avoid  aiicialt.  I  Jua-tonsc native  tactics  were*  eiu- 


pioved  in  c  Kissing'  the  Ba\  of  Riscav. 

J  laving  thus  lost  their  mobility,  the-  [--boats  ac¬ 
complished  nothing  until  September  and  October 
when  then  attempted  to  makea come-back  against  the 
North  Aibintic  ioiivovs  by  employing  acoustic-  hom¬ 
ing  torpedoes  against  the  escorts.  They  were  beaten 
oil  wills  hea\  \  losses— ‘SJ  l  boats  sunk  dm  ing  Oc  to¬ 
ber  in  operations  against  convoys  in  order  to  sink 
three  mere  bant  vessels  and  one  escort.  \n  attempt  io 
attack  the  c  on  vox  s  between  t  he  (  Tiled  Kingdom  and 
(Abiainu  was  i  hen  made,  but  it  was  also  htislraied 
and  the  l '  hoais  form!  into  a  completeh  defensive 
pewit  ion. 

For  dir  rest  ol  die  winter  thex  adopted  a  polic  y  of 
n  i.'in  ini  in  ii  submc-igeiic  e.  designed  to  give*  them  safety 
bom  Allied  attack.  Virtually  no  ships  were  Mink. 
Mie  ninnbci  oi  [‘-boats  at  sea  declined  markedly, 
and  even  effort  was  made  to  develop  an  effective 
search  .tec cixer  lm  S  band  radar  to  give  (hern  ini- 
iiiun  it  v  i  rom  cictec  I  ion  by  the  Allies. 

Jt  was  not  until  t he  inx asion  ol  Xornt.uidy  in  |mic 
Id  i  j  dial  tiie  I  -boats  showed  am  signs  of  aggressive 
ac  f  ion.  I  lie  i»  olio*  t  lo  at  lac  k  shipping  in  the  Knglisli 
(dianuc  !  was  shoi  t-li\ cd.  however,  as  heavy  air  and 
mu  lace  patiols  prevented  diem  from  achieving  any 
sin.  i  ess.  Thev  sc  Mm  abandoned  (he  mu  lac  e  in  favor  of 

linciii  hel  opi'i  at  ion  which  gave  them  virtual  im- 
luumbv  horn  detection  b\  aiicialt.  B\  King  on  the 
hot  tom  they  were  able  to  ill  ili/c  the  poor  sound  eomli 
lioiivund  Irecpiem  wiecks  to  gain  <  onsiderablr  salei  v 
b.om  \sclic,  Opeiating  in  this  wav  limited  s'lie  ce  sses 
agaiiisi.  shipping  in  BiUish  coastal  waters  were 
achieved  dining  the-  Mnniuri,  while'  sinkings  ol 
(  boats  bee  ame  less  and  h*ss  f re  cjcn'iil . 

In  August  and  .September  .the  (  ‘-boats  withdrew 
limit  ..the  Biscav  bast's  to  Not  wav.  and  dien  settled 
down  to  a  small  sc  ale  oilendve  around  Rijlain.  I  he  v 
met  with  some  success  at  first,  bin  bv  the  spring  ol 
Id  la  Allied  mu  face  cialt  hack  learned  lo.deal  w  ith 
l  hem  under  those  c  one  I  it  ions,  and  ( he  A  Hied  \  ic  toi  ies 
on  land  dej Hived  them  of  bases  and  shore  facilities, 
.i  ln  ii  only  c  ham  e  Ibr  regaining  the  upper  band  was 
the  new  high  submerged  speed  l  -boat,  Tv  pc  XXI. 
but  dm-  to  production  difficulties  and  the  general 
fieimaii  collapse'  none  ol  them  made' an  operational 
patrol  against  the  Allies. 

Willi  the  (iernian  surrender  in  May  Idla.  [/-boat 
warlare  was  to  all  iutetii.s  and  purposes  ended.  Jap¬ 
anese  t  -boats  caused  the  Allies  no  serious  concern 
during  the  remainder  of  World  W  ar  Ii. 


COXFfDKX  I  JAR 


TABLES  AND  CHARTS  33 

I  ‘t*.: ;  5,  Avei.ige  Monlldx  Shipping  I  osse\  and  CfiiisliiHiion  ‘>1  Mlied  ami  Nrnlr.tl  \at intis. 
flU  net  ind  and  t  ause  of  loss  and  in  (luMisuuds  ol  gloss  losis.j 
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*•»  TABLES  AND  CHARTS 

1  'he  outstanding  st  :i  ■  ist  it  a  I  l:u  Is  of  the  antisuhnia- 
l  ine  war  are  simnnai  i/eci  in  i lie  following  tallies  and 
(harts: 

1.  !■  igm  e  !  presents  figures  : la  a  -a  iiing  Hit  inegm 

(mfe  and  rllrttixcncs.s  of  U-boat  and  andstibtna- 
nne  operations  lot  the  se\en  periods  oi  World 
War  II.  rite  "remarks”  attached  explain  the  out 
standing  c  Itarat  let  ist  it  s  o!  each  period. 

I!.  !  able  I  presents  Allied  shipping  losses  due  to 

\  at  ions  i  a  uses  and  gains  through  const  ru<  non  lor 
eat  It  period. 


!i.  Figure  2— sununari/es  the  informal  ion  of  Table  I 
in  graphiru  I  fin  m. 

■I.  Table  -  presents  the  average  number  of  U-boats 
sunk  moil l  h|x  lix  eau.se  for  eat  It  period. 

"i.  Figine  .1  siumn.u  i/cs  die  information  o(  l  able  - 
in  graphic a  1  form. 

l>.  Fable  a— presents  Unman  U-boal  losses  and 
gains  through  <  oust  rut  t  ion  lor  eat  It  period, 

7.  Fable  I— picsnils  total  shipping  losses  and  IF 
boat  sinkings  for  each  period 
.S.  Fable  5  gives  the  elie<  I  ixeness  of  Allied  attacks 
Itx  airt  rail  and  sin  late  era  1 1  on  l  ‘-boats  in  the  At¬ 
lantic  and  Mediterranean  lor  each  period. 
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TAKIJ..S  AND  CHAIMS 
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ANTISUBMARINE  MEASURES  AND  TUl.IR  EFFECTIVENESS 


i'irom  mi  iiisiokicai.  summaiv  ol  opn at ions 
JL  ;i^;» in*> t  submarines  during  World  War  II  pic 
M  illed  in  Pan  I.  mam  conclusions  concerning  the 
proper  straicgv  and  luciwsoi  antisubmarine  wai  laic 
|  AS\\  |  (an  he  drawn.  1  lie  most  i i ; i j x»i  lain  o!  tliesr 
will  be  diM  ussed  in  die  billowing  chapUi-.  .rnd  sub¬ 
stantiated  In  imahtii.il  i\<  data  hum  ( )|  in  at  ions  Re¬ 
scale  h  ( *  r«  >»  1 1 1  stud  its. 

Most  <  oik  I ils ion s  have  In  do  will:  spec  ilu  pi  ohlcins 
of  lac  lie's  lui  example.  weapons  jut  attacks,  propci 
sndiiN  lorsraith,  or  methods  <>|  pioiecliug  imiunv 
’idlest1  air  all  part  «>f  a  genet  a  I  pit  I  m  <•  whit  li  ins  nl\  es 
die  ov  ei  all  purpose  ol  am  isubinai  ine  wai  latt  and  the 
various  methods  available  for  a<  roundish  ing  that 
purpt  >su. 

It  is  a  Ilea:!  •.  evident  from  Pan  I  dial  the  aim  ol 
ASW  is  not  simply  the  desttm  i inis  ol  mill  ictidlv  sub 
marines.  II  it  weie  possible  to  sink  all  enemy  sub¬ 
marines,  die  mission  ol  ASW  would,  ol  touise,  be 
accomplished.  but  die  lunes  available  base  nevei 
been  sttllu  iem  to  do  ibis.  lor  a  numbei  ol  n  asons. 

I  lie  snbinai  ine  is  a  small  and  rlusiu ■  obje«  t  in  a  laigr 
otean  and  tniisci|Uciidy  veiv  baid  to  find.  When 
louml.il  is  a  tough  anti  iiiat  t  tssibb  ubjr«  t  ioaii.uk. 
As  long  as  die  ein mv  iVable  to  build  and  latui<  b  sub 
maiiiies.  lie  tan  keep  muih  ol  diem  at  si  a.  and  i\t  n 

lliehighlv  efletlive  Wind  aiM.isu! . nine  elloit  in 

\\  oi  Itl  War  II  did  n*  it.  gt  e.iil  v  diminish  I  In  -  si/e  ol  tin 
(•eiiiian  l  -boat  fleet  bill  nieielv  clucked  i is  gisiiw  d i . 

\ni  istjbinai  ine  wail. in  must  be  thought  of  as  a 
pan  ol  a  c  mnplex  o\  eiall  niiiiiai  vMrah-gv  w  hose  linai 
a- ini  is  to  eliminate  die  enemv’s  alnlitv  to  wage  w.n. 

I  Ins  1 1 1 1 1 s (  uliiniatelv  In  done  In  m  i/ingot  tlesii o\  in;* 
the  mililal  v  or  et  oiiomit  Wai  inatbine  atbninisita 
lion,  ha  n  spot  (a  lion.  men.  ci|tijpinc.m.  01  plot  Inn  ion 
latililies  bv  sinking  at  die  beat  i  ol  llie  eileinv .  not 
imit.lv  nibbling  pieteineal  at  his  priipheix.  o)  b\ 
t  urn cue  in«»  him  ol  an  abijii s  umIumi.  When  possible 
il  is  most  ellu  ienl  10  ignore  the  pel  iplict  s  and  pi  oc  tad 
tlii  et  ilv  to  i  be  tilt  i  male  objec  live.  I  bis  is  die  phi  lost* 
phy  imtlei  K  ing  die  hlii/ktieg  and  wai  ol  emiitlc 
tnem. 

i  he  aim  ol  AN\V  is  to  ensnie  the  use  o(*di<-  oteans 
netcssaiy  loi  militais  opejations  intended  to  bring 
about  I  Ik:  delea  t  ol  die  enemv.  It  is  an  auxiliary  oper 


at  ion.  uetessarv,  but  not  MuhticiU.  !»>;  ov  w  a!  i  suteus.s. 
In  ibis  sense,  ihen,  the  at  Inal  aim  ol  ASW'  is  negative, 
to  pi  event  enemv  submarines  from  at  t  omplishing 
thru  aim. 

I  lie  Inst  step  in  tin’s  analysis  ol  die  subjeel  is  to 
outline  the  value  ol  submarine  operations  to  the 
t  nt  ins.  I  be  objet  live  ol  A.SW  is  to  1  educe  ibis  value 
to  a  minimum,  and  ils  getieial  straicgv  is  planned 
at  <oi  tlinglv . 

MUiMARINK  OPERATIONS 

I  lit1  [*et  u bar  \ able  of  the  submarine  among  naval 
(i  ah  is  iin  ability  to  operate  in  enemy-held  waters. 
Even  when  mu  ia<  t d,  a  submarine  is  a  small  taigct  lor 
\  isnai  or  radai  tleiet  lion,  When  submerged,  it  is  (oin- 
pleielv  t  oik  ea led  except  loi  tietet  tioii  by  underwater 
•‘Mind,  whose  J.mges  are  short  and  umcliabitv'  As  a 
i cm 1 1< .  the  subniaiim:  tan  operate  in  legions  forbid¬ 
den  to  Mirlat  e  nab  because  ol  enemv  patrol.  In  these 
legions  ait  wall  opera  i  ions  are  olien  impossible  be 
t.nise  ibe  legions  ;nc  beyond  tile  range  ol  airtrafi. 

I  bits  die  sitbinai  ine  is  die  piintaiv,  and  olleii  the 
only .  1 1  ait  loi  i  a  1 1  s  ing  out  npei  at  ions  at  a  long  c  I  is 
taun  Horn  base  m  die  aieas  ol  the  ciirmv's  main 
sll  eligtli. 

Yumeioiis  types  ol  tipeMiifJii  mas  be  involved... 
1  be  aim  ol  some  ma\  betogatbei  inlbi  mat  ion  that 
t  an  In  gained  on|\  bv  an  e\<  ttision  into  enemv  lei  ri 
toiv.  In  ibis  (lass  ai e  lout ine  s< outing  and  weather 
lepoit  mg  missions  and  also  those  imolv  ing  die  land 
big  o|  agents.  Some  aie  tiaiispoif  missions  to  sitpplv 
isolated  units  which  cannot  be  teat  Inal  by  oilier 
means.  I  lie  main  mission  ol  t  lie  submarine,  hou’ev  er, 
is  ollensive  to  attack  the  nn;in\\  ships,  both  com¬ 
bat  a  ill  and  men  haul .  Past  c\ jjeiieiK  e  lias  shown  dial 
the  most  valuable  submarine  at  l  i\  ilv  has  been  tJial  ol 
attacking  men  haul  shipping,  and  antistibmat  ine 
wai  hire  is  of  mgcni  content  on  ibis  at  count. 

Man  being  a  i  el  lest!  ial  animal,  the  tx  eans  are  v  die 
able  to  him  only  as  a  means  of  transom  no  j. .»•  ho;;; 
one  piw  e  ol  land  to  another  or  as  a  harrier  between 

\isu;U  (irU-(  non  <>|  a  submerged  s( tbitiai  i ne  is  possible  onlv 
in  u-r\  uitrtiises.  M.igmiu  cleteuion  is  c-flet  l  i  vr  tmlv  at  u-iv 
^h«m  i aujics.  iuiti  li  stun  i<m  ili.ii!  dioM-  ol  undei  waa-i  sound. 

HU 
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them,  Control  oi  the  txean  secures  this  use  to  the  cm  1- 
truller  aiui  tlenies  it  to  his  cneim.  While  an  aniishij) 
ping  ollensive  hv  submarine  does  not  give  <ontrol  nl 
the  ocean,  it  sows  lodcm  It  ee  use  to  tlie  enemy,  and 
in  this  negiitive  sense  llte  stihinarine  fore  e  m;i\  a< < oin 
piisit  t|itiie  i ompieie  tontroi.  j  o  the  evtent  tnat  this 
is  done  and  the  encim  prevented  or  hindered  Irom 
transporting  m-cessarv  <  argocs.  the  su'mnaiim  olh-n 
si\e  makes  a  major  t  oim  ilmi.ion  m  the  pmgre.vs  oi  I  he 
war. 

In  (he  .siihmai  i tie’s  anl  ishipping  oli(.  i)si\e  liner 
tilings  must  Ik*  a<  ( ompl  ished:  at  Is  lev  ing  t  on  tat  is  on 
ships,  approach  to  within  torpedo  range,  and  Ima! 
ntinrk.  t  he  Inst  ul  these  is  essenlialh  a  search  prol;- 
lem  ol  the  kind  discussed  in  Volume  2IV  Scarth  and 
Sirrcuinfc,  with  .suhinarin*.  as  searching  trait.  Detec¬ 
tion  ma\  Ik*  made  hv  visual,  tadar,  or  sonar  means. 
Visual  detection  lias  had  the  largest  range  and  sonar 
the  shortest,  as  a  tide,  though  the  tanges  depend  on 
t ondii tons.  Visual  detection,  lor  instance,  will  he 
inelleclive  on  a  dark  night,  and  sonar  inefletiivc-  in 
poor  sound  conditions. 

Since  the  submarine's  speed  is  low,  it  is  not  a  wi  v 
elite  ient  seatc hing  c i alt  and  must  opera n-  in  re  gions 
ol  high  shipping  densit'  i<>  make1  a  huge  number  ol 
c  ontac  Is.  I  u  selc  c  t  the*  high  d<*nsii\  an  as  a  knowledge 
ol  the*  e\pt*c  led  posit  ions  c»|  eneni  v  ships  is  1  <*(j  nil  ed. 
wJiich  inav  he  hased  on  inielhgeiMC  i.nlot  mat  ion  ol 
gained  loc  a|Jv  h\  (o<iidina>ion  hciwc  c-n  suhmaiim  s. 

I  he  "  W(  1 1 1  pack:’  tactics  ol  (>nman  1  boats  arcoin 
p! ished  tliii  h\  homing  mans  stihniai  ines  t c »  eac  h  con 
lac  I.  (  )ik  c  a  single  I  '  boat  made  c  ontac  t .  the  itrloi  mil¬ 
lion  was  used  to  pci  mil  oihn  s  lo  ac  hievc*  c  oiii  ac  I  as 
well. 

"When  niiiiiic  t  lias  I ii*<  n  made,  (lie  siihmai  iue  must 
appioach  to  within  torpedo  range  Ixlotr  .m  ;tij.ack 
,can  he  launched.  II  tlie  suhmaiine’s  speed  is  gicatc  i 
than,  that  ol  llse  puget.  (he  apjaoac.h.is  not  verv  difji- 
cult,  and  ptaciicallv  all  ships  coniacted  mav  lx  at 
lacked.  Iloweve*.  il  the  siihmai  ine  is  Infeed  lo  oper¬ 
ate  submerged  (m  il  die  (a  j  gel  isveiv  last;,  approach' 
is  onh  possible  hom  posilions  ahead  ol  the 
and  sliglil  <  i  H>a  in  the  aj j  prone  li  1 1 1 <n  umi!  in  lailm  r 
lo  ac  hiev e  die  pi opei  | io.il  ion. 

( )nc  e  lil  ill"  posil ion  is  I  r;n  I  nil,  torpedoes  arc  in  cd. 
i  heir  chance  nj  success  depends  on  liic  accuracy  oi 
die  torpedo  lire  and  on  die  | > i i y s i ,  ;s I  charactcrisl  ic  s 
ol  l lit-  torpedo  used. 

I  lie  primal  v  aim  ol  A.SvV  is  lo  reduce  I  lie  ellei  I  ive- 
ness  with  which  die  submarines  i  any  on l  these  steps. 


and  dm  success  ol  an  antisubmarine  cllon  is  lo  lie 
assessed  in  ilscsc  terms.  Antisubmarine  warfare  is  noi 
an  i  nd  in  ilsell.  lull  merely  a  means  of  ensuring  lllal 
die  abil  ils  louse  I  lie  or  ean  lor  iraiisportal  ion  is  main 
lained  at  I  be  bcsl  level  jiossible. 

AN  T I  .SI  I  li  MARINE  MEASURES 

Some  antisubmarine  measures  are  .specifically  in¬ 
tended  lo  hinder  die  submarine  in  earn  ing  out  a  par- 
liinlar  phase  of  ils  ant isbippiug  operations.  Evasive 
routing  ol  convoys  lo  avoid  known  submarine  posi¬ 
lions  is  useful  solely  in  reducing  die  submarine's 
(liauee  ol  comauing  die  convoys.  II  all  die  ships 
could  always  dodge  die  submarines,  die  Jailers'  ellee- 
livcns-ss  would  be  much  reduced.  Such  a  procedure 
would  slow  die  ships  down  apprec  iably,  however,  so 
dial  the  submarine  cllnri  would  not  be  entirely 
wasled.  On  die  oilier  hand,  most  measures  designed 
lo  combai  submarines  serve  a  niullipie  purpose. 
.Maintaining  aircraft  patrol  in  dm  vicinity  of  a  ton- 
soy  not  only  may  lead  lo  sightings  of  submarines, 
thus  permitting  evasion  by  the  c  onvoy,  Inn  these  air- 
<  rail  also  lone  si.ihinurincs  to  dive,  tints  hindering 
them  in  ibeir  elfolls  lo  Hack  a  convoy  and  approach 
il.  Finally,  an  occasional  aimafi  may  be  lorliinutc 
enough  lo  allac  k  a  subunit  ine  and  sink  il.  The  over¬ 
all  value  ol  ant  measure  iniisi  he  based  on  all  die 
ways  in  whit  li  il  serves  lo  Imsliate  die  submarine. 

Mom  obvious  among  die  mcasui es  designed  lo  re¬ 
el  in  e  l  iie  siihmai  ine  s  rale  ol  i  ontac  ting  ships  is  cv a- 
sive  mining.  II  die  siihmai  ine  posilions  ale  lairly 
well  known,  (hey  can  he  avoided  and  die  dcnsiiv  ol 
shipping  in  l  heir  v  i<  ini  I  y  gi  c-ally  red.iiced.  Convoying 
is  another  measure  which,  in  ellecl,  reduces  the  sub. 
|ij;u  it  K-  <  on  lac  l  rate.  1 1  there  are  n  ships  in.  eac  h  con¬ 
voy,  on  the  average,  the  submarine  contacts  only 
about  I ,  n  asniany  i  onvpys  as  it  would  ships.  Since  u 
mav  he  made  as  large  as  SO  to  100,  the  result  ing  gain 
is  c  onsidei able,  I’alfol  by  airtrall  also  sel  ves  to  reduce 
die  contact  late,  as  indicated  earlier,  by  lorn'tig  die 
submarine  lo  spend  a  large  Iraclion  ol  ils  time  sub¬ 
merged.  I  his  reduces  ils  detection  range  and  inter- 
lei  cs  with  dm  I  or  ma  l  ion  oi  vvol  I  packs.  I  n  a  less  direct 
way,  both  suilaic;  and  aimall  patrols  and  Iniiucr- 
kiiier  operations  have  the  same  ellecl.  A  coneentra- 
l  ion  ol  ollensiv  e  operal  ions  in  areas  ol  high  density  of 
shipping  selves  to  lone  die  submarines  out  of  these 
areas  and  to  make  litem  operate  where  their  chances 
of  i  oulac  l  ing  ships  are  not  so  good.  I  lie  appal  cut  aim 
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nl  Midi  an  offensive  is  to  sink  U-boats.  bill  its  thirl 
Hire  ma\  Ik*  to  force  thrill  In  adopt  levs  profitable 
ladies,  and  this  riled  coni  nines  10  be  valuable  even 
iT sinkings  ol  l'  boats  he  reduced  to  a  negligible  level. 

I  be  mcihncb  ol  It ii i< U-rtsii*  submarine  approac  li 
consist  of  various  hums  oi  estori,  both  lor  tomop 
and  single  ships.  Aerial  estori  tends  to  lore*;  the  side 
marines  m  submerge  and  thus  rests  it  is  their  mold  lit  y . 
mak ill!*  it  ini|K>s.sibie  for  them  10  trail  (lit  convov  or 
tomertake  it  from  the  Hanks  or  re  ar  and  reach  a  pod 
lion  ahead  from  which  attack  can  be  made.  l\vc?i  il 
the*  submarine  is  ahead  of  the  convoy  when  she  con 
tac  ts  il,  a  submerged  approach  is  more  diflit  nit  than 
one  carried  out.  partial!)  on  the-  surface  and  is  more 
likeb  to  result  in  emus. 

I  f  du:  submarine  huitlh  elt\  is  m  Slav  on  l  lie*  sitrlace 
tor  approach  to  the  t  niivov .  il  is\er\  likeb  that  it  will 
he  deietied  and  attacked  in  the  pioccss.  which  ex¬ 
pel  ielue  is  almost  <  vita in  to  eliminate  an \  pnv.ibilu  v 
ol  success! id  ollensi\e  ac  (ion  on  its  pari.  ( ioticspond 
iugb\  sitrlace  ciah  escoits  inteilett:  with  die  lun  i 
slaves  of  the  .ipp>oac.it.  fiav  iug  to  n  \  to  avoid  them 
complicates  the  subuiat  ine’s  ptoblcm.  ln.it,  il  u  lails 
to  do  so.  it  is  likeb  n>  he  detec  ted  and  counter:!  Mac  ked 
before  reaching  torpedo-firing  position.  I  hr  sub 
marine  's  problem  <  an  be  made  Mill  moie  clilhc  nil  b\ 
Use  ol.  the*  highcV  possible  spec  cl  of  ship  and  hv  /ig/ag. 
when  possihle. 

Alle'inpts  to  inteibic  w  lift  tin  .  siibinai  im  s  final 
attack,  altei  it  has  leached  filing  posit-ion,  have  not 
been  \ei  \  sue  c  cssltd  in  the  past.  I  o  some  extent  die 
uiel  e  pic' sene  e  of  sin  f  :*«  r  i  m  oils  mas  c  on  si  il  me  mic  fi 
micildcmr.  /ig/aggirig  icilnc.cs  the  .icdtiaiv  ol  ten 
]jc/Jo  lii  c  somewhat.  \  lii.mr  iiv e »  a  life  ship  may  f  tit  r  i 
Ip  av  oid  the  tot  pedo  if  t  he  ship  has  mi  Hit  ieiit  uai  \  \  in*.;, 
and  special  lot  pedo  clclee  |ois  jii,i..\  be  devised  to  aid 
in  doing  so.  \ni  itoi  pedo  nets  and  orbit  devices  can 
be  si  lea  i  tied  to  intercept  the  lot  pedo.  Ml  ilic.se  ate 
example  s  ol  dev  M  c  s  and  I  ac  l  ic  s  designed  to  led  in  c  (Ik 
(•lire  t  iv  ei  less  ol  the  suhinal  ine  toipc  do  hi  r. 

Supplement  in**  these  esseni  iallv  dele  us  i\  c  me  l  hods 
o!  intei  fet  ing  with  die  stihmai  iuc  *s  ac  c  omplishinem 
of  its  objective  is  the  offensive  phase  of  ,\S\V.  1  lie 
most  certatii  wav  of  pirventing  a  siibmaiine  liom 
sinking  ships  is  to  sink  it  fust .  In  this  sense,  sinking  a 


Mihiuarine  is  equivalent  lo  sav  ini*  as  many  s 1 1 i j >s  as  it 
would  nonnnlh  sink  dm  ini*  the  remainder  ol  its 
operational  lifetime.  II.  lor  example,  the*  average8 
submarine  makes  a  total  of  »e-n  opeumonai  patrols 
and  sinks  two  ships  in  each,  sinking  the  submarine 
saves  an  average  of  icn  ships.  heeaUM*  the  submarine 
is  likeb  loheaboni  hail  i  hroiigh  its  normal  life  u*hen 
slink.1*  In  addition  to  i his  direct  diminution  ol  the 
submarine  fleet,  die  sinkings  tend  to  reduce  Lite  suite 
of  training  and  experience  of  the  .submarine  crews. 
If.  for  example,  the  rate  of  sinking  c  an  be  kept  high 
enough  to  give  die  siihmai  inc*  {or  crew  member)  an 
cxpec  led  lib-  ai  sea  ol  onb  lour  patrols,  there.*  will  be 
verv  iew  men  available  wilh  ihc  experience  ol,  sav, 
ten  patrols.  I  lie  resulting  dearth  of  expel  icn»  od  .per¬ 
sonnel  is  a  handicap  very  difficult  to  assess,  but  un 
quest  ionabb  of  c  misider able  practical  importance. 
Only  a  had  ion  of  the*  \  alue  of  offensive  operations 
can  be-  i  (‘presented  by  the  numerical  dec  re  me  nt 
achieved  in  the  enemy's  submarine  Heel. 

I  lure  is  not  mally  an  appreciable  efled  upon 
morale  as  well.  I  be  Hire  liveness  of  submarine  opera¬ 
tions  cannot  be  divoiced  from  the  skill  and  deter¬ 
mination  ol .  die  submarine  force’s  personnel,  by 
selectively  eliminating  expei  iejifcd  men,  the  high 
raicol  loss  ic  chic  es  not  onb  !.heh  overall  skill  but  also 
t  licit  drtei  ininat  ion.  I  he  siihmai  inn's  (bailee  ol  be¬ 
ing  *mnk  jf  it,  rude-av  oi  s  to  at  lac  k  a  c  d  tain  c  onvcw .  for 
example*,  c  anno!  bin  bear  a  gi  ea (ei  impor mine e  lo  its 
c  leu  than  i"  the  theoretic  al  stralcgi'si.  The  submarine 
cows  will  accoidjingb  avoid  opciatioiis  which  in¬ 
volve  high  losses  10  .themselves.  even  ihough  llieoicii- 
c.db  pi  of  j  l  able,  unless  died  psychology  includes  a 
defnme  stile  ida.l  fc  ndu.ni  v. 

Ipmi  this  hi  inf  (Mil  I  it  ic  ii  is  evident  that  ASH’  in 
vedve  s*  a  gniit  main  dilli-a  c.-ni  aspects.  The  following 
c  Imps  ei  s  will  disc  iiss  ;i  mi  ih  bet  o!  spec  ihc  pi  obi  ei  us  in 
oidc  i  to  illustiate  the  germ  a  I  urine  infes  invulved. 
I  tie  subjects  loi  disctission  have  beeir ’chosen  on  a 
dual  basis:  fust,  lot  tbeii  importance  in  anrisub 
mat  me  Miategv  and  (attics,  and,  second,  for  their 
imeiest  as  exam  pics  ol  die  methods  ol  Operations 
Rescawh. 

*’  i  ) i is.  t  v | *<•  <i|  c<irn|j;n  iM*u  <  :i 1 1  l»c  in.ulr  nu»si  i  fc  :til\  on  the 
n|  sjnkill”  lalrv  ,ts  in  (  h.(j)lr)  j;t. 
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Chapter  9 

SAFETY  OF  INDEPENDENT  SHIPPING 


an  was  poinied  mu  iii  I’an  I  (page  ”).  the  sub- 
jLX  111,11  ines  problem  :s  mu*  iii  lit. si  t  utiiaei  inn  a  slii]>, 
then  apprnnc  hilt"  in  a  jiihh!  torpedo  brill"  position. 
iiikI  finally  m  i  in  im;  a  torpedo  hil.  li  is  appropriate  to 
break  down  an  analxsis  of  measures  designed  to  in 
crease  ■  In-  saletx  oi  shippin"  into  the  same  general 
t  alrtpM  ies. 

»-i  REDUCTION  IN  SUBMARINE’S 
ABILITY  TO  CONTACT  SHU’S 

In  i Ik*  In. si  iihuc.  amililn"  wliitli  tail  be  done  to 
reduce  ilie  iimnber  ol  sbi|is  lonladeil  In  (lull  sub¬ 
marine  will  ill!  lease  (lit:  .salen  oi  the  ships.  Cnnsider. 
lot  example,  a  ship  matin"  a  trip  between  two  points 
throtii>h  an  o<  ean  infcsletl  with  subunit  ines. 

I  I ten*  are  I)  siibinarines  pet  mj  mile  ill  llieotean. 
eat  It  ol  wliieli  lias  a  s« cep  rale  ol  (>  sc j  miles  pel 
hour.11  I  lie  lei  i,"  l  h  ol  I  lie  ship’s  It  ac  k  is  /  miles  and  iis 
speed  u,  I  hen  I  he  ex  pec  led  iininiifi  c  il  I  ii  lies  ilia  I  Mil) 
nun  ines  will  coniai  I  i lit:  ship  is 

\„  HO1.  .  ill 

)  o  m;ikr  A  „  Nina II.  D.  ().  *n  /  .  •  imisi  l>«  < I « <  1  <  ;i *><■•!. 
I  Iicni  l.n  I  «»i  v  u  ill  |,ic  (  uiisidt  |<(I  in  III)  H. 

*m.i  Reduc  tion  in  Submarine*  Density 

On*'  mi  tliuil  ol  )cclu<  in«*  iliPMiiiiiEii  inc  <1<  •nd.i hi 
uiiic  li  the  si  rip  h  rs  posed  is  to  ;i\oiil  » t  o  ions  in  which 
miImjeH  ilics  me  <  otirrmniH'd.  ii  ii  is  possible  to 
cIio.'m-  U  l  with  ;m onu*  aloii"  wlrnh  there  ;iic-  main 
sill  unai  inrs  cilirl  one  when  ilinc*  ;iir  leu,  tin  hi  met 
is  <  (i  t.;dlih  i  fir  Im  Mc-I  .  WJien  a  hill  D  l  el  i;i  l>le  esl  ill  lilt  e 
ol  Mihmaiine  positions  is  a\aiial)!r.  in ticli  can  he 
t lone  l»\  cs  asi\ e  i online  lo  i  educe  t  oih.u  is,  Imi!  mk  Ii 
i  l  i  lot  mill  ion  is  Ij\  no  me.nis  ;i  Iw a\ s  a\  aila  hit  .  II  iliis 
iilftn  m.ilion  is  not  available,  ;i  wide  cl is|  11  isiou  ol 
shipping'  Millies  Min  lie  employed,  loi  (  ini’  ilie  enemy 
in  deploy  his  Inrccs  in  ilie  smile  wav.  insleiid  of  pel - 

h  T  |u-  swt «  |>  i.iir  (t  is  itrlmii!  in  Volume  UK.  S muh  nmi 
s  firming.  <t  t  lie-  Hire  live*  .ihm  uliiili  flic  Msiirlin  ii  ;iliir 

in  iiiNjK-i  I  <nmj»Jrlrlv  in  :i  nuii  <>|  lime. 
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niitliiiK  him  in  tout  cun  ate  them  aftainsl  a  wcll-de- 
lined  shipping  lane. 

In  an  imliii  <  l  wav.  uliensixe  a  ill  isiihinarine  pjrei'a- 
lions  s<  i;ve  to  t educe  /■>,  Insl,  Its  sinking  submarines 
and  i J 1 1 is  icdnc  ing  their  number  at  sea,  and,  second, 
bv  ptexrni  iot>  lliem  horn  c'oncvi il  i  at inj>  in  the  most 
pmlilable  aie.is.  Vile)  all  paliols  frt  c | ii c.-i 1 1 1\  call  be 
used  lo  lot  t  (•  ( '■  boats  out  ol  the  I c  gious  of  the  highest 
c  one  eiil  i  at  ion  ol  s)i  ips.  As  an  example  of  this  pi  ex  ess. 
a  tiiaph  ol  (..'-boat  densitx  in  the  Ciibialiar-.Moroct.o 
legion  is  shown  ill  l  it’ine  I. 

liiiindliale  lx  allei  I  he  Allied  landings  in  North 
A  hit  a,,  the  I  'boats  were  <  one  cm  rated  e  lose  lo  shore 
in  the  legion  ol  hiyln  sl  densily  ol  mere  haul  ships. 
\lmosi  innned inielx .  howetei,  aiidalt  patrol  forced 
ihem  lo  t> ix<'  up  the  iushole  c one  duration,  which 
had.  no  tlouhl.  tcsulied  flout  a  special  ellot  t  to  break 
up  l be  in t asion.  I  lie  ellet  i  ol  i Isis  <  hango  in  l  i-boal 
dish  ibfiliou  on  their  espeitecl  number  of  contads 
on  sh  ips  t  an  hr  esl  minted  mix  simply.  In  tiny  pall  i  ri  r 
la  r  I  e"  ini  i  I  lie  expec  led  mini  her  of  toil  tin  I  s  is 

a  -  i),  „  x  .t  y  (i  v  r>) 

where . /  —  area  of  legion,  l)r  ,{  —  density  ol  ll-hoats, 
and  />„  ,•  densilx  ol  men  ham  ve  ssels.  1'liis  ex- 
pec  letl  number  most  be  calculaied  sepal  a  lei  y  lor 
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l  ATf-RAL  RANGE  IN  MILES 


i-'n.i  ki  2.  I  .1 1 cl .*  1  i.ui"i*  t  in \«-v  vnliiii.ii  inr  » l«* i «•«  i  inn  * >i 
IIK'H  ll.llll  \llijiv. 

<•;»(  h  legion  ami  summed.  i  i  ibis  is  done  and  a  \  able 
lor  (>  <>!  1 00  so  miles  pri  Itom  is  taken  as  I  \  pie  al  n(  a 
snlmiai  ine  sriinli  lair  lor  me  m  haul,  ships,  then  we 
would  expect  about  liO  contacts  pel  month  In  I 
boats  on  nun  ham  ships  In  lore  living  had  lotted 
them  out,  and  ,‘W)  coniails  pi  t  month  ahriwauK  It 
would  he  t ease >na hie  to  ttmtlmle  that  the  IKinj*  in 
vol\ ed1' hail  t  ut  t  ht  d.nt^ei  to  ships  .ipju  oximati  |\  in 
hall. 

-11  -  Reduction  in  .Sul>i)i;nine  Sweep  Rale 

j  o  some  extent,  ail <  tail  paiiol  max  I . ■  i I  to  di  i\e 
I  -h< »,i!  *  nett  of  an  ai  e.i  .is  dest  n hen  a  in  a e  and  met  eh 
lorn  tin  m  to  spend  most  ol  tln-ii  time  siibitirtgrd. 
I. Ids  also  seises  10  make  ships  s.tlei  heiause  it  re 
dittes  the  snhin.ii  ine  \  sweep  title.  I  h<  piimaiv  it  a 
sol)  hit  I  lie  I  ediit  I  ion  is  the  det'l  ruse  in  hit  tah^eol 
tit  tet  t  ion,  ihmipb  tile  diop  in.  subm-ii in<  •vpc  t  il  also 
has  sonic  iflit  t .  .1  he  st d n i iei ”t ■< I  Mihniaiiiie  is. tela 
tilt  h  blind  coinpatt  d  with  hi  smlated  mie,  since 
\  isual  delta  lion  nitist  lit  thtouoli  pet  i  s*  ope  .md  a  ho 
since  racial  cannot  housed  \ei\  convenient  h , 

Opei.iiional  data  on  the  magnitude  ol  these-  ellrc  is 
t  an  he  det  i  ved  Iiom  I  lie  In  si  1 1  ml  at  l  l  a ngrs.i  r ported 
hx  l  *.  S.  submarines.  From  these  data  the  l.alrlal 
i  ailgr  t  in  \  es  ol  |-  i<*m  e  \1  at  e  plot  led.  I  he  asst  i nipt  ion 
has  hern  made  that  I  lie-re  is  a  dchnile  i  anj»e  ;it  width 
coiilacl  w  ill  Ik  made  lot  eat  h  i  ime  that  a  submarine 
meets  a  ship.  ihnuj*li  these  lances  \ ;j i  \  w  irleh  Irom 
one  ottasion  1 1 »  the  next.'  I  he  aiea  nuclei  these 

,l  tfil.it  Mm  hi;  Ihiiii  \  wrir:  Xmt*iiil>ri.  I )«-«  rmlici .  I 
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turves  gives  i  the  sweep  width,  the  \alues  bring  as 
given  in  Table  I . 

I  \iti  I  I.  Sh I >i i i;i i  in<*  sweep  vdtlm  hi  st  art  hiliu  foi  jiici 

<  haul  ships. 

Da\  .Nii'lil  .\\fia»»i.* 

Sill  lac <’tl  (In ilrs i  PI.;*,  «i.  I  1 

Snliinr?.!*t,tl  f mi les |  !I.H  1.2  7 

i  he  < i\ri all  (  Met  (  ol  loi  <  inj*  the  submarine  to  siib- 
uingf  appears  to  he  a  reduction  til  ID  per  tent  or  so 
in  the  sweep  width.  \\t  tan.  then,  consider  hall  tilt- 
sweep  width  to  he  t he’ diet  I i\e  range  of  contact, 
which  would  he  (i  miles  surfaced  and  -5. .a  miles  sub¬ 
merged.  II  stihuiai  iiies  remained  fixed  in  the  ocean, 
there  would  he  a  propoi tional  reduction  in  the  mini* 
he)  ol  ships  <oiita<ted  In  the  submarine,  Init  since 
the  sui  faced  submarine  is  able  to  add  something  to 
it-*  seal  t  h  c  apahilit  it  s  hi  patrolling  at  about  10  knots, 
the  speed  diet  t  must  also  he  taken  into  account, 
l  hour’ll  it  pi  fixes  In  he  i  at  hr"  small. 

1  his  speed  ellrc  I  is  Heated  in  Chapter  I  ni  Volume 
~l».  S rutth  Mid  Vt  / "rnin».  Tin:  te.Mih  is  expressed  in 
equation  (r*)nl  that  chapter,  which  allows  us  to  write 
tin  sea  t  (  li  i  ale  O  ol  c-cj  nation  ( I )  expliciljv  as 
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I  he  m  i  <  out  hision  is.  thc-reloie,  that  a  submerged 
sulimai  ine  has  been  able  to  toman  oui\  about,  hall 
as  mans  ships  as  a  sin  I  acre!  submarine  and  that  anti' 
submarine  patrol  width  Imres  submarines  (o  sub 
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merge  most  ol  the  luiu*  has  ;i 1 1  a j >j >i ec  table  cllec  i  m 
red  tit  i lit*  (diilu  is. 

AnniluT  line  along  which  ellmt  might  icascmahlv 
he  rxpc  ndcd  In  reduce  the  submarine  s  contact  tale 
is  i  amoidhuu*.  Since,  Iniurvn  ,  il  is  li\  no  means  rasv 
in  dev  ise  a  (  aim  milage  which  is  ellec  i  iu*  in  i  his  sniM* 
mul'M-  all  i hr  \ ai  ied  c  ondi lions  met  \\  it  h  in  |>i  a<  i  i<  <  . 
relativelv  lilllr  has  hern  dour,  and  o| iri  al ion.il  data 
on  ihrsuhjrii  air  not  available 


!U,:l  Reduction  in  Ship’s  Time  at  Sea 

I  hr  latlot  //«’  in  ctpiaiion  1 1 1  is  simplv  ihr  time 
i hr  shi (‘/spends  m  dir  dangerous  i  eg  ion.  1  o  keep  i  his 
l  inie  small,  (hr  ii;k  k  Iciigl h  /  should  lx-  made  as  dim  i 
as  possible  and  high  ship  spe  i d  iim-cI.  I  hr  advantages 
ol  I ; io i i  ship  speed  in  this  c  ounce  i  imi  me  nil  set.  hove 
evei.bv  an  iiK  lease  in  n  uiili  ship  sjx  ed.  Inc- most 
impoilant  <  onsidr  i  ai  ion  is  length  of  ship's  Hack  in 
dangerous  wains. 

r»'-’  RI  !>l  C  TION  IN  M  UM  ARIM/.S 
ABILITY  TO  APPROACH  SHIPS 

W  hen  (he  submarine  h.e*  ma<ie  a  cmmict.  it  nms! 
'•till  make  an  approach  to  lot  pedo-in  mg  position 
hehue  | a 1 1 m  hill”  an  aiia<  k.  and  it  is  liv’nu  means 
((-Main  that  it  will  lx  able  to  do  so.  in  a  jvpiial 
j)e}iod  >  mi  l\  il  p(  I  t  ent  ol  dir  independent  nu  n  h. mi 
vessels  <  Dtnai  ted  bv  I'nitrd  Slates  snbmaiines  were 
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(•Tet  ki  Si  i  i  1 1  sunk  |>ri  'i  nil  I  it  >n  miles  ol  li.uk  in  .i 

l  -llO.il  (ICIIsjn  l.|  j  |.«  |  lllillillll  s«jl|  ni>  milt..  .Is  .  Iijiw 
l  inn  ol  slim  sin  Til. 
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al  larked.  Some  n|  ihr  remaining  a!)  per  eerii  were  noi 
worth  a*  larking,  Imt  ilium  were  nol  attacked  because 
i  lie  submarine  was  unable  to  close  lo  the  desired 
position  lor  launching  a  torpedo.  I  hr  quantitative 
impmiaiue  ol  ihr  approach  problem  is  made  more 
e\  ivieiii  i»\  all  .iii.'uVsis  oi  die  riiec  I  of  i ucTt ‘haul 
\  essel  sj.»erd  oil  !  lie  sal  el  \  ol  independent  ships,  based 
on  Wheel  losses  loCmnan  l '-boa Is. 


m/j.j  The  E  licet  ol  Ship  Speed  on 
Submarine  Approach 

In  older  lo  stuih  die  eflect  ol  speed.  il  is  necessarv 
lo  assign  die  ships  lo  speed  classes  and  dirn  drlrr- 
mine  die  number  ol  ships  sunk  in  eac  li  t  lass  and  die 
overall  exposure  ol  each  das*  lo  submarines.  'This 
overall  exposure  must  lake  into  account  both  the 
total  distance  uavclecl  i i\  ships  of  each  (hiss  and  the 
tlensiiv  ol  l  boats  along  the  ships*  courses,  as  indi- 
c  ate'd  h\  equal  ion  ( I  ). 

in  oi  del  lo  do  this  a  Much  was  made  in  which  the 
Atlantic  was  separated  inio  areas.  In  each  area  the 
mileage  tiavcled  h\  independents  ol  different  peed 
classes  and  the  avei age  densii v  ol  l  -boats  were  taken 
month  bv  mouth.  \  ship  which  sails  2(H)ll  miles  in 
waters  with  one  I'  boat  per  million  sq  iuiles  is  ex¬ 
posed  to  about  die  same  i  isk  as  one  hauling  1000 
miles  in  waters  with  two  1 '  boats  pet  million  sq  miles. 
Hence,  the  expostuc  dor  each  speed  class  is  given  bv 
tin  pmdiKl  ol  die  mileage  and  die  l  boat  densilv. 

I  liis  was  done  lot  seven  speed  classes,  covering  a 
per  iod  of  I  mo.ndis  and  lour, areas. 

I  he  number  ol  casualties  pea  imil  ol  exposure  is 
a  measm  (  ol  the  sale!  v  < d  th.e  speed  <  lass  in  quest  ion. 
and-  tins  is  plotted  in  l-igiu  e  a  as  a  I  mu  I  ion  ol  speed. 

I  lie  shai  p  dec  tease  in. sinkings  at  speeds  between  10 

and  I  a  k  i  lots  is  v  ei  \  obv  ions.  I  n  order  I  o  explain  I J  i  is 
m  stilt  the  billowing  analysis  of  subjnarinr  approac  h 
methods  is  reeju iicd. 

II  a  ship  is  sighted  in  a  iavorable  position,  die 

1'  boat  mav  approach  t  idier  stirlaicd  oi  submerged 
and  at  lac  k  d it  r<  ( I y.  II  die  l  '-boat  is  nol.  in  a  favorable 
position,  il  has  to  esi  imaie  course  and  speed  and  fol¬ 
low  die  ship  (iitl  it  ii  <an  dose  the  range  or  gel  in  I  o 
posit  ion  ahead  lor  a  submerged  approach.  The  direct 
;;t!:uk  hi  .\!;  d;;;d  \  the  attack  b  :J  !;»v/ie.  ■* 

a  (base.  Method  l».  Since  Method  B  provides  a  good 
oppoimniiv  lor  Hacking  and  obtaining  torpedo-fir* 
ing  data,  it  is  heqnenlh  used,  a  (spiral  proc'edttre 
being  lo  ti.uk  mil  il  dai  k  and  then  attack. 


t 
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SAFETY  OF  1N1)K!‘EN1>I:M* 


Method  K  requires  that  tin*  I’-hoal  Ik-  aide  in  over 
take  the  ship,  namelv.  that  the  ship  speed  he  not 
greater  than  about  la  knot*:  (if  knots  appears  to  Ik 
she  irilicai  speed  in  Figure  :>).  Method  \  on  the 
other  hand,  mav  he  used  against  ships  nl  any  speed, 
though  the  number  of  tunes  the  L’-boat  is  ■  i ■  hixoi- 
able  position  will  decrease  as  the  speed  of  the  ship 
increases.  I  Ids  decrease  <et  lainlx  does  not  account 
lor  the  sham  rise  in  the  curve  of  Figure  which  is 
due  to  the  advent  ol  at ta;  ks  made  In  Method  lk  A 
diagram  is  lu-lphil  in  making  clear  the  sjgnific  anc '<* 
of  these  I w< )  methods. 

In  Figure  I.  the  submerged  approach  /one  and 
effective  contact  range  ate  plotted.  I  he*  shaded  ana 
drawn  to  I^OUO  yd  on  either  side  ni  the  ship  is  taken 
as  a  rough  approximation  to  the  /oik  in  which  a 
submarine  has  a  good  i  ham  e  of  scoring  a  tot  pedo  hit  - 
Suppose  t hat  a  submarine  whi<  h  ma kes comae  t  while- 
ahead  ol  the-  ship  in  the  submerged  appmach  /one 
can  make  an  attack  h\  Method  A  with  average 
c  ham  e  ol  sue  cess  /,*.  Then  I  lie  <  1  osshatc  hed  line  give  s 
the  sweep  width  lor  Method  A  attacks.  Fora  very  fast 
ship,  the-  wwcp  width  is  appioximaielv  2  miles,  and 
imieascs  to  about  IL;  miles  lot  x  c  - 1  \  slow  ships  as 
the  limiting  appioach  angle  inc  teases.  I  her,  the  ex¬ 
pelled  imnihet  ol  Method  A  attacks  pci  million 
miles  ol  Hack  in  a  l  boat  ilensiix  ol  one  pci  mil¬ 
lion  Scpiair  miles  is  given  b\  the-  le  ngth  of  this  linr 
and  the-  expected  iiuinbel  «>l  sinkings  is  h  times  as 
gieat.  . 

Winning  that  stibmaiiiic  spe  ed  I  undei  .wale  I  » 
a  knots  and  that  /:  tt/JO.  the  (lotted  line  .in  l  igmc 

!)  is  a  tough  gi  aph  «.?f  ex  pec  led  sinkings  l»v  Mel. hod  A. 
In  n  ships  of  speedy  of  I  *>  knoisoi  gieaici .  all  ohsei \ed 
sinkings  ai<  accounted  loi  .  Imi  mi;iii\  additional 
ships  ol  Spe  c  ds  less  than  la  knots  we  ie Mink.  pic  sum 
ablv  In  Method  Ik  l  nhei  t  lie  Mibmai  ine  is  e  nable  d 


SHIP'S  SPEED  IN’  KNOTS 


!  i«  i  ki  -V  Ships  sunk  pri  million  miles  ol  tiack  in  a 

I  i mm l  ilnism  nl  I  pri  inillioii  sc |  miles. 

touack  the  ship  and  wait  lot  a  \ cry  favorable oppor- 
tuniix  to  attac  k  or  is  able  to  tr\  again  alter  a  failure, 
in  older  to  attain  a  high  eventual  level  ol  success. 

For  purposes  ol  cmnpai  i.son,  calculate  tlte  number 
ol  sh  ips  t  ha  l  won  Id  be  sun  k  i(  e  vu  v  ship  con  lac  led  In 
(  boats  were  sunk,  using  equation  (1).  11  we  take  (lie 
example  previouslv  disc  ussed,  a  10-knot  ship  and 
assume  that  i  he  l  ’  boats  are  surfaced,  then  conditions 
(oncsponditig  to  Figure  a  ate 

i)  I,  l.nno.UOO. 

I  |.(HK),()(K). 

.-  ••  Id. 

()  lad. 

Hr  have 

A  I  1.00(1,001)  •  no  1.000.000  10 

I  a  ships  c  onlac  led  per  million  miles  of  track. 

I  bus  \u  would  expect  In  ships  to  he  contacted, 
whi  te-. is  biguie  ■)  shows  10  sunk  under  these  condi¬ 
tions.  I  1 1 is  seems  like  a  latln-i  high  pen  eiuage.  hut 
ii  should  be  i’c  me-mbei eel  that  t lie  <  nnd.ii  ioi is  are  on 
tile  whole  lathe)  favorable  Or  the  l  boat  a  s/jow 
ship,  uiiesc  oi  ted.  wifi  I  lit  1 1<  or  no  air  patrol.  A  faster 
ship  would  be  verv  c onsidei aid)  safer,  though  the 
nmubei  ol  limes  it  is  contacted  per  mile  of  track 
would  not  he  great  1\  dillcrent. 

lo  smnniari/e.  then,  there  are  three  important 
speed  c  lasses. 

I .  High -speed 'ships  -  Mill idem  ly  last  that  l lie  sub¬ 
marine  i  a  mint  ii.k  k  or  c we -i  take  them.  The  sinkings 
ate  low  and  iu»i  gieaih  Hrpendeu!  upon  speed, 

1 1  lough  die  additional  speed  ol  i  lie  ship  elearlv  makes 
the  submarine's  problem  inc  reasingly  difficult. 

Ik  bmc -speed  ships  so  slow  that  the  submarine 
can  track  and  overtake-  without  difficulty.  Sin k- 
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in,i*s  iiic  ;ippio\im:iu*l\  leu  limes  ;is  «ic;ii  ;is  in  ihe 
Ini’ll  speed  <  av.*  and  are  itoi  <  lit  i <  nils  dependeni  on 
speed. 

Iniei  mediaie  speed  ships  lor  which  lliere  is 
an  ahmpi  iraiisiiion  horn  die  < ondil ions  nl  (lass  '2 
lo'i  lass  I  and  whose  losses  depend  sin)i»j»h  on  speed. 

Ihe  <  ritual  speed  is  one  approximate!)  c-cjmil  to 
die  surhu  ed  speed  of  die  miIhikh  me.  \  t.lian»e  in  sub¬ 
til. n  ine  speed  would  lesull  in  :i  <oi  responding  (  bailee 
in  the  <m\es  o|  ri^nres  i  and  \\ "i\}\  the  l'd>oat 
(  a  pa  hi  in  ics  nl  Woi  id  W’ai  II.  the  <  i  ii  ic  a]  iu'ipoi  lam  e 
ol  speed  in  die  10-  lo  I  I  knot  iani*e  is  oln  ions.  \m 
ineaMiie.  such  as  I  >  ( :« j  1 1  <  ill  di\  dot  k  me,  to  than  die 
Ihhioiii.'  width  mij»lil  |)in’  ;m  e\na  knoi  <n  i\m>  oi 
speed  in  dus  i.«i’jj;e  uoultJ  he  well  umdi  while  h»i  a 
ship  ties!  ined  loxiil  iiplept  nduH |\  duoni'li  siihma- 
l  ine  walei  s. 

•I.2.1'  'The  Effect  ol  AircniH.  Patrol 
on  Submarine  Approach 

I  he  iinpni  mu|  loir  pla\e -d  l»\  Mil  lac  ed  pm  suit  aiu I 
Hacking  oil  the  pail  ol  die  sulmi; n  ine  makes  ii  evi 
deiil  dial  ;ni\  measnie  which  keeps  die  sirbmaimc 
Milimei <»ed  a  c otisidei able  pail  oi  die  lime  will 
ip  eat  h  i  ethn  e  ils  <  ham  e  ol  i  * miyci  I  mj*  a  i  nniat  I  inio 
a  sinking.  ( piei'idv  .  aiiu  all  pel  ro|.  u  1 1 i t  |i  lends 
lo  lorce  die  submarine  down.  might  lie  expected  in 
eliminaie  Method  Ii  alUfcksand  great  I  v  inti  ease  die 
saleu  ol  indepemleni  ships.  The  rediulion  in  sin!; 
ing  rale  inditaied  lor  It)  knot  ship*  hy  liipirr  r>  is  K.‘i 

•  >#.»  i  i  •  i  ■  i  •  liiii  I  v  •»  I  w  >i  1 1  i  »t  > r  •-«.!  v  1  li  ri  v  tn:i  in  «»1  1  i  i  *s  u  <  m  bl 

I  .  .  i 

lie  lost  as  wlii  ii  violated  ! l ; i '  kill LJ,  was  possible. 

!)|>i'i al imial  ilala  showing  a  (leal  comparison  be¬ 
tween  siii  la<  ed  and  submerged  ii|>cral  ion  arc  diili 
iiill  In  olnain  without  serial  ilillci cm cs  in  lime  and 
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place.  In  addition,  die  advent  of  aircraft  living  is 
not  nulls  .ai  i  out  pa  nied  bv  die  start,  of  convoying,  anil 
tin'  elicits  ol  each  are  difficult  to  distinguish.  For 
example,  tile  start  of  converting  would  normally  in- 
irva.se  the  average  speed  ol  independent  ships  since 
the  slow  ships  would  he  put  in  convoy.  As  a  result, 
independent  ships  would  appear  to  become  safer. 
I  hi'  I  s  pe  ol  ti'siili  u  hit  It  mas  he  obtained  is  shown  in 
f  able  ",  wlt.ii  It  presents  data  Iron!  (lie  Caribbean 
Sea  1  rondel  dining  the  fall  ol  10I‘J.  The  area  lon- 
sidtted  tin  links  the  In  st  I  lit)  miles  from  .shore  in  the 
<  la t  ihltcati  Sea  Ft  mil  ici  W  est  and  involves  primarily 
at  i  ion  in  the  s  it.  iii  it  s  ol  Trinidad.  As  a.  rough  .meas¬ 
ure  ol  the  aim  alt  living  involved,  data  on  living  in 
the  Ifinidad  seilot  ate  used.  The  I'-hoal  .sinking 
tate  tin  si|  miles  pet  hour)  is  given  hy  the  lollowing 
upon  ion. 

sinking  tare 

f.M  X  sunk)  (Area  involved) 

(VI  Win  area)  ■  (i'  li's  in  area)  (hr.  mo) 

Mi 

In  this  <ase  tin  atca  involved  is  ahoiit  li(KI,0()(l  si  j 
miles. 

From  a.iotihidcralion  ol  the  Inst  and  last  IT-month 
periods,  it  is  appaiettl  that  an  increase  in  Hying  lias 
taken  plan-.  a< rompanied  hy  ;i  decrease  ill  the  sink¬ 
ing  rale.  Bill  it  is  not  ev  idem  whether  the  former  was 
indeed  the  lause  ol  the  latter,  and.  if  so,  whether  the 
Method  \  and  Method  B  considerations  involved 
liiifl  -„t 1 1\ 1 1 1 Ii »<i  (o  <|/s  ■  i * ! »  ii.  Whvii  rhi* 

and  living  are  plotted  graphically  ;ts  in  Figure  (i,  ii 
appeals  that  (here  was  a  lag  of  sever, ai  months  be¬ 
tween  tin-  t  ise  in  the  llv  ing  nu  ve  and  the  decrease  in 
sinking  rate.  At  the  lime  the  im  tease  in  living  was 
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I'n.i  ki  li.  .Sinking  i.iu*  .md  H>  ini*.  1>\  in* mills  i(  .11  il>l>caii 
So;i  Finn i iri.  \\c\ii. 


niiidr.  I lu*  l  'ho;ll  sinking  r;i!<*  dropped  nnl\  slii^luh. 
I  his  siii*h<*mn  (h;ii  1  lie*  ihinj*  did  not  ciusc  1  lie*  drop 
in  sinking  i:»u*  dim  lb.  bin  ih.n  ihr  mneuM-d  ;mii- 
Md>m;uiiH  rllot  1  r\(-ni ualK  (idiom  |aniiaiv  MH.'b 
<  a  used  1  he  l  'boats  lo  a  handoii  1  heir  ol!cnsi\  c  in  t  ha  I 
area  and  adopt  mole  (onset  \ati\c  latiic.s.  Ns  is  e\i- 
dciH  Iruiii  I  able  *1.  the'  adualb  stalled  10  withdraw 
from  the  aiea  in  Xnxember  and  weiv*  pra<  lie  ally  all 
gone  l)\  l-'ebniai  v.  1  he  drop  in  sinking  rate  probablv 
nu'ims  that  the  lew  leiuaining  made  nindi  less  ol  an 
elfort  to  attack  ships  than  ihr\  had  done  some 
months  heloie.  lather  than  tli.it  annali  living  di- 
lettb  preNeiitc/d  litem  bom  a.tiacking  bv  keeping 
them  submerged. 

Die  Ihing  was  mil.  in  l;iM,  MilliMeiit  to  do  so,  its 
(iin  lie  seen  Ijoiii  an  elemental  v  ( ;ih  ulat  ion  in  w  hit  h 
we  csrimale  1  hr  annmm  ol  Using  dial  would  l»  ie 
1 1 1 1  it i-i I  in  ptesrnl  sin  Lu  ed  1 1 ;  1  <  k i > >0  In  submarines. 

If  lot  example.  il  Is  .ismiiih  il  ill. II  In  (li  I  IN  ;i  -.III) 
HUH  inr  sill  lined  Opel  mi'iii  il  iniisl  sec  11  |>liiin-  and  he 
1 11I  t  ed  I  o  di\  e  ill  It  .1  si  1  u  ire  a  1  lit\ .  die  mini  lie)  ol  lls 
ill"  1 11  mi  s  lei'll)  il  eil  lo  1 11  oil  1  it  r  1 1 1 1  s  ell 1  i  in  lie  t  .1 1 
t.ll  lull'll.  \  soil  ill  xssicp  Kile  (.III  lie  assigned  In  I  hr 
aiii.iali  hs  supposing  ileti  .ill  'Miliiii.u  i  1 1  ( s  wiiliin  .'1 
lllilis  ol  die  II  ,11  L  al  r  loll  efl  lo  disc.  ;rnd  no  ol  III  Is 
(plobabls  II  laVlnt  "rnriovis  liguir)  I  hen  l  lie  ml 
dull  1 11 1  ■  si  mu'i  1I11  .ne. 1  iiisnlsrd  lid  limes  dining 
the  nun, lie  :i  101, il  ol  till  n  (lOd.iHiO  .'i(i,(l(l(I.IIOO  s<| 
III  iles  nisei  ed.  liiil  I  he  ail  1 1 .1 1 1  x  s w  <  <  1 1  Kile  is  2  x  .'1  x 

I2r.  S(|  miles  |II  I  I10111.  axx . . lie  ;n I  aiimill  speed  ol 

I2.S  k  l)()l  s,  I  lent  e,  ills'  mud  lllllilhei  ol  Using  lionis 
I <-< 1 1 1 i t eil  is 


I’  I  .  ill"  llOIII  s 


ini  ■  liim.iMxi 

2  ,  -I  1 2  a 


211.(1(1(1  pel  iilolilll. 


if .  1  11  * ......  1.  .  |  <i...  1 .....  1 

liilioillll  in  1  he  men  imdei  <  onsidei  (i  I  inn.  lull  the 
lol.'ii  Iioiii  I  1  inidud.  Some  :il  il  ssax  oiilxidc  the  area, 
mill  soiii"  ol Iiei  Using  ssax  (lone  ill  llie  ;ire:i.  Xesel- 


diclr.sx,  1  he  total  Using  in  llie  area  ( onsidered  ss'ii.s 
eel'lninls  ;i  good  de;d  less  I  hail  21), (100  hours  per 
month  mid  (onld  inn  lie  expel  led  lo  eliminate  snr- 
Imed  operation  of  l  ’-I )o;t t s. 

-Sntlii  i-.-n  1  ii\  ini>  lo  eiiininaie  sm  laced  operation 
i  a n  1 11  dinar! Is  lie  .'ii  i  ninj >lisju:d  olds  in  a  scrv  I  imi  led 
aiea.  In  the  siiiniis  ol  1 1 1  e  Brilish  Isles,  however, 
Midi  a  .situation  existed  during  the  last  months  of 
W01  Id  War  It.  I'  boats  operated  Inlallv  submerged, 
using  Silinoiihel  in  the  most  heavily  patrolled  in¬ 
shore  tvaifii.  in  s  iess  ol  the  densities  of  U-boats  and 
ships  insolsed,  hoss'cscr,  [lies  did  not  make  sen 
mans  sinkings.  Mans  brims  besides  aircraft  patrol 
uci  r  impoi  tain,  anil  a  detailed  analvsis  of  llie  sitna- 
lion  would  he  extiemels  (onipl iealeil.  Jt  is  inen- 
lioncil  merely  as  esiilenie  dial  submarines  mav  at 
times  go  10  die  extreme  of  totalis  submerged 
opera  1  ion. 

0.2.3  Effect  of  Zigzag  on  Submarine 
Approach 

Willi,  irspril  In  die  submarine's  approach  ptoh- 
Irin  die  impoi  tame  ol  high  ship  speed  and  of  air 
iiafi  paliol  lo  cufom-  submerged  operation  have 
hi.  ell  (lisi  iisseil.  Itodi  of  diese  arc  cllci  I  is  c  a  ill  isuhmii- 
linc  measures  in  dial  dies  make  it  ililfictdt  for  the 
submarine  lo  (airs  out  an  approach  lo  the  ship. 
\ noihei  nicasiu c  with  die  same  aim  is  svoi  ill  tonsid- 
eiing:  die  /ig/ag.  lis  making  lairls  radical  Hints  al 
iilegidar  inlci  tails.  die  ships  (tin  make  il  more  iliffi.. 
euli  lot  die  submit  inr  lo  npproacli  m  a  good  firing 
posit  ion  and  to  mi  lire  good  tin  pedo-liring  da  la.  The 
net  icstili  is  dial  die  submarine  still  lend  III  lie  foi  l  ed 
10  in c  bom  •  'iioorcr  posii ion  ssi'di  poorer  aceuraev 
and  trill  tin  1  (lore  lias  e  less  .1  hante  ol  seen  ling  a  hit. 
\ I  pii'senl.  howev'ei .  (|mml  il.il  ise  (lain  on  die  elleel 
ol  /ig/agging  al  i  Uni  asailahle. 

REDUCTION  IN  EFFECTIVENESS 
OF  TORPEDO  TIRE 

Omr  die  submarine  has  real  lied  position  and 
lired  i  1  s  101  peif ns.  ihcie  are  Mill  loriain  defensive 
1111  asm  es  s>  liir  h  can  lie  (aken  In  rciltii  e  sinkings.  I  or- 
peilo  deli  i  lois  have  been  dsised  lu  will'll  of  die  tor¬ 
pedo's  approach,  il'nix  pei  uiiii  mg  a  uirn  to  avoid  il. 
Imi  dies  has*:  not  been  ellei  lise  on  inerehanl  ships. 
Ships  should  he  hi  1  i  1 1  so  as  to  he  as  likels  as  possible 
m  Mas  ti flout  svlieu  hit.  Special  ploleelise  devices 
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SUMMARY 


Midi  ns  am i  torpedo  nets  mav  hi*  employed,  Because 
of  their  eMeudve  use.  operational  data  on  ihrir  elfcc- 
liveness  an*  of  considerable  interest. 

To  January  i.  1  !M  1,  ships  fitted  with  Admiralty 
Net  Delen.se  J.\N1)|  nets  wore  repotted  lo  have  been 
leu  peek  vd.  u  i«h  i  he  results  gh  eii  in  Sable  i. 


I  vm  I  I.  RtMili-  (.1  ioi|M'<|in-v  fncil  ;tl  ^hijw  lined  wiili 
a i) l i It -i |«nlo  nr i". 


Slink 

imi  in  use  u lien 
;i  I  i.ii  lird  <> 

Nets  in  iim'  I 

l  w  ol  mis  inikiun\  n 


Damaged  I  ■|idaiu«i”<'tl 


•) 


n 


Of  the  ships  not  using  iu*is,  7 a  per  cent  ol  those 
Intel  al  were  Mink.  ImiI  with  nets  streamed  <>nl\  10 
pet  mil  Sited  al  wen*  lost.  I  he  c  ha  nee  of  being  sunk 
is  still  about  ha!!  whal  it  would  he  without  nets,  he 
cause  some  torpedoes  eilliel  go  lliiiiu^h  the  nets  ol 
hit  ai  unprotected  ends  ol  the  ship.  Table  1  aho\e 
also  indicates  that  about  ball  the  lot  pi-doings  o< 
c  lined  w  hen  nets  were  not  si i  rained,  so  that  the  ulti¬ 
mate  riled  is  that  ships  Illicit  wit  it  nets  Milica  about 
i  In  c  e-cpial  (el  s  the  losses  that  this  would  sustain 
w  il houi  i lie  nets. 

I  Ik  se  ate  the  ovei  all  i  c  stills,  ol  i  <>m  sr.  and  depend 
on  l,he  uianilei  in  ivhi’ih  till  nets  ;m  used.  In  (he 
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period  considered,  many  ol  die  .ships  were  in  eonvov 
and  streamed  nets  only  when  attack  was  'onsidered 
likely.  Had  weather  is  also  a  cause  for  nonstrenming 
ol  nets.  !  his  lac  (or  enters  into  the  overall  usefulness 
ol  nets. 

A  sei  ions  th ;•  \\ jjici  k  ol  itei  delrtise  is  l lie  attendant 
reduction  in  speed  when  nets  are  streamed.  This 
amount  s  to  a  ho  ui  1 7  per  cent .  For  a  T1  knot  ship,  I  lit: 
reduction  in  speed  to  I  \l/>  knots  increases  i he  danger 
lo  the  ship  bv  a  factor  ol  about  lb/,,  if  the  ship  is  sail¬ 
ing  indepeiidenvly.  according  to  Figure  'I  his  in¬ 
crease  more  than  overbakin'  es  I  lie  '>()  pc  r  cent  red  tie- 
1  ion  allorded  hv  the  nets;  c onsecjucmt  ly.  their  use 
would  not  he  desii able  in  this  case.  II.  however,  tilt; 
original  speed  were  onlv  10  knots,  reduction  to  0 
knots  would  not  seriously  increase  the  danger,  and 
hr i s  would  he  most  desirable  for  use  in  submarine 
waters, 

n  SUMMARY 


lii  suinmari/e.  thin,  there  ate  a  number  of  <Ie- 
lensive  measures  whic  h  inav  be  taken  to  reduce  sink¬ 
ings  ol  independent  ships.  Most  ol  them  are  rll.ee  live 
because  the  \  make  ii  men  e  dibit  u It  lot  i  he  subutai  ine 
to  c  a  1 1  \  out.  its  npproac  h  and  nil  ark.  I  lie  overall  ef- 
lec  l  iveness  of  these  measures  is  limited,  however,  and 
tin-  most  successful  defensive  measure  has  been  tl  • 
use  ol  esc  oi  ted  t  nnvovs,  which  will  now  be  discusser. I 
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Chapter  10 


CONVOYING  AND  ESCORT  OF  SHIPPING 


rpm  primary  advantage  i»f  a  eonvov  system  is  tin* 
1  concentration  <>!  defense  that  i<  allows.  Since  ii  is 
impossible  to  provide  an  esc  on  lor  even  individual 
ship  at  sea.  ships  liiiisi  s,ul  m  gioups  so  that  each 
group  tnav  be  adequately  escorted.  A  secoiidarv  ad 
vantage  is  die  redtu  t  ion  in  number  of  unils  at  sea  loi 
the  si i biuariiie  lo  <  ontac  i.  siiu  e  die  eonvov  l>e<  onu  s 
the  iniil  instead  of  die  individual,  ship.  It  is  con¬ 
venient  ioaii;ilv/(  die  gain  ac  hieved  hoin  convoying 
in  tile  same  three  steps  as  were  discussed  in  the  last 
chaplet:  contacts  made  h\  the  emmv,  his  ahiJitv  to 
make  an  appioach.  and  liis  c  hance  oi  sinking  ships 
once  In  ing  position  is  attained. 

"'•I  THI-  GAIN  JiN  SAFETY 

II Y  CONVOYING 

nu.t  Reduction  in  Number  of  Contacts 
Made  by  Submarines 

I  he  institution  oi  die  eonvpv  system  lestllls  ill  a 
c onsidei  able  lc  cinclion  in  the  nuinher  of  comae  ts 
made  In  snhniai  iiies.  I  lit  number  ol  sight  mgs  made 
depends  on  die  u mu hei  ol  units  present  to  he  sighted. 
(  leal  l\ .  I0M  independent  ships  sa  il mg  in  a  given  an  a 
lepiescnt  1 00  oppot  t  tin  it  ies  Im  sighting,  uliile  die 


same  number  ol  ships  in  i  wo  tun  vows  of  50  ships  each 
ollei  onlv  t  wo  opport  unit  ies  for  sight  mg.  Kac  h  sight- 
ing,  houev  er.  gi  v es  50  I argels  and  is  ac  <  ordingly  ol  iu- 
c  leased  value,  as  will  appear  I  mm  suhseejuen!  sec¬ 
tions.  This  elicit  lends  lo  neutralize  the  henclii 
derived  Ironi  grouping,  hut  oniv  to  a  .small  extent. 
In  add  it  ion.  an  iuc  leased  range  of  deled  ion  lends  to 
increase  the  number  oi  convoys  that  are  contacted, 
Although  tiie  range  ol  detection  on  a  all-ship  convoy 
is  bv  no  means  5u  times  that  on  a  single  ship,  it  is 
applet  iahlv  greater,  and  some  consideration  ol  die 
inn  ease  js  nee cssarv . 

Visual  sightings,  il  made  on  masts  or  superstruc¬ 
ture,  will  !>e  made  at  about  the  same  range  on  con¬ 
voys  as  on  independent  vessels.  A  large  convoy  covers 
a  stiflic  ient  l\  large  area  to  increase  the  sweep  rare 
about  50  per  cent,  as  shown  in  Figure  1,  but  this  is 
not  a  set  ions  increase.  Submarines  often  .sight  ships 
by  smoke,  however,  which  may  he  seen  at  distances 
up  to  Hi  miles.  A  single  ship  may  make  smoke  only 
a  small  fraction  ol  the  time,  hut  usuallv  there  is  at 
least  one  ship  in  a  eonvov  which  is  smoking,  and 
smoke  become  s  U'W  min  It  more  important.  II  A  is 
the  fraction  ol  lime  that  each  ship  smokes,  7v,  the 
range  on  a  ship  it.se! I,  A\..i he  t  auge  on  I  lie  smoke,  and 
n  the-  Tmmhc  i.  ol  ships  in  eonvov.  then  ■ 

Id  art  ion  ol  lime  eonvov  smokes  I  (I  hy 

\  v  c  i  age  i  ange  on  <  onv  o.v 

mi  •  t»r  i  1 1  d  hv\/r, 

av.  d  .hr {/{■•  ./*(}.  (I* 

hoi  c  cmvovs  o|  as  mam  as  50  ships,  ( I  -  hy  is  so  sinall 
that  die  sighting  langc  is  uppn>\imatelv  Ah,.  the 
range  ol  deice  ling  smoke-  Ido  a  plausible  set  ol  v  alues 
(A*,  I  miles;  Ah.  21  miles;  h  .  0.  ill),  eeptal ion 

( I )  gives  die  following  average  ranges. 

Single  slnp  I)  miles 

8  ship  eonvov  I  I  miles 

h  (  ship  c  omoy  25  miles 

I  lie  submarine's  radar  will  generally  delect  a  con 
vov  at  a  longer  range  than  a  single  ship,  because  the 
<  ouvoy  presents  a  Jaigcr  reflet  I  ing  I  argel.  Since.  how- 
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ever,  t!u‘  inic’iisiix  ol  ( hi*  radar  echo  decreases  very 
rapi<!!\  widi  increasing  range  to  die  laigei  (normally 
as  I  il  «>r  I'aMer).  (lie  increase  in  i;ni«c  is  no!  ui\ 
j^real.  ( )pcrai ional  data  giving  ranges  o!  submarine 
radar  on  large  coitvovs  are  n«»l  available*.  I  .  N.  sub 
marines  ha\e  obtain*  ■  ranges  about  an  per  teni 
longer  on  c  omens ol  ahoin  *»  lo  1  ships  than  on  siuglt- 
ships.  Aire mil  radar  ranges  on  huge  Allan  lie  convoys 
ha\e  been  unl\  10  lo  St  per  teni  greater  than  on 
single  ships.  Il  would  no!  !><•  expected.  dieulou*. 
dial  grouping  ol  ships  in  convov  would  c  ause  a  seri 
oils  iiu  rease  in  die  range  nl. radar  deice  lion. 

I  he  range  ol  sonar  deice  lion  wi)!  lie  appieciabh 
increased.  I  he  inleilsit  v  ol  sound  produced  In  acini- 
\ci\  o|  /;  ships  is  .iiiciui  //  lime-'*  dial  o!  a  single  ship. 
On  dlis  basis  il  lias  been  estimated  that  die  lange  on 
a  ho  ship  e  onv  ov  liiulci  lav  oral ilr  lisien  ing  i  oiidii  ions 
would  he  ahoiii  diiee  limes  dial  on  a  single  ship. 
Plain  less  iavoiahlc  c  oiidil  ions  die  talio  would  he 
smaller. 

Ill  older  lo  estimale  dicoverall  c  hange  in  range  ol 
cleieaioti.  it  is  ue<rss,'i!\  lo  dele. i  nline  die  relative  ini 
poriaiic.eol  die  diMcrciii  mediods.  Ingencial.  visual 
(Idee  (ion  tanks  In  si ,  because  of  long  lahge  and  ease 
ol  ie'eniiuc  at  ion,  racial  sec  one!,  and  sonai  d'liid.  Dm 
ing  a  pci  iod  m  ai  die  end  ol,  World  .War  II.  lot  in- 
slant  e.  I  niled  SlaY.cs  stihiiial  ines  made  ahoin  X()0 
eoniacis  hv  visual  dciie.  I  ion.  jOU  In*  ladai.  and  '>0  h\ 
son. n.  Ce.nnan  I '-boats  have  not  had  as  rlhciiu* 
seaic.h  i ad, u  .o  (  iiinel  .Scales  snhin.rV iijcs.  so  dial  iln 
ijirpoi  i.nn  i  ol  ladai  in  (**  hoai  npeiaiicm.s  lias  hern 
much  less.  1  ln-s<-  liguies  would  depeiid  a  goal  deal 
on  suimiai  ine  iat  lie  s:  a  siilmi.u  im  vv.hic  h  speni  most 
ol  die  lilnc*  silhuielgrd  Would  make  lelalivc  Iv  molt 
sonai  <onj.atis:  f.i  is  dins  e\  idem  dial...  (hr  . c  oniac  i 
I  auge;  i  nc  l  ease's  w  illi  .m  iucicascil  lumihei  ol  ships 
but  is  hv  no  im  .ms  preipuj  iiou;rl  lo  'it.  \  lahlv  ic  a- 
sonahle  appi  ox  imai  ion  would  b<  lo  consider  dir 
Tange'  .is  piopoiiional  lo  n 1  \  I  Inn  die  exprcled 
c 1 1 1 1 n her  o|  c  oniaris  made  will  depend  on  Iwb  lac  lois: 
(his  incn  *w.‘!  langr  .m.d  Hie  dec  i case  in  die  rnunhei 
ol  invits  ai  sea  lo  he  delec  led. 

A  ,V,  •  1 

n 

\ 

-  ».=  <-> 

wliclr 

A.  expected!  niimhei  oj  c  oniac  is  on  convovs; 

A,  —  expected  niuiihei  ol  eoniacis  on  same  ships 
sailing  independent  l\. 


A  change  I  rom  »  lion  b  I  will  reduce  t  he  mmi- 
her  ol  eontae  is  made  on  a  given  number  ol  ships  at 
sea  by  a  factor  ol  1 l>.  according  lo  ecpial  ion  (2). 

J  his  gain  In  convoying  is  somewhat  enlianred  hv 
die  greater  ease  o|  evasive  muling  o|  comovs,  A \ " i i 1 1 
a  convoy  system  in  operation.  their  are  icw  units  ai 
sea  and  il  is  relatively  easy  lo  direel  diem  so  as  lo 
avoid  known  su hinarii ms  or  c  one  nil rai  ions  of  sub¬ 
marines.  i  Ins  would  nul  he  so  practical  for  iucle- 
pemleni  vesse  ls.  Their  number  would  he  too  great. 
I  Ik  ii  posit  ion*:  too  poorly  known,  and  their  column- 
iiieacious  inaeic  e|uaic.  Hence  available  intelligence 
concerning  submarine  dispositions  .-.an  he  utilized 
niosi  ellee  i  iv  e!v  wi  i  h  a  e  onv  o\  svsleni. 

I  lie  decrease  in  eoniacis  resulting  bom  a  convov 
svsiem  usually  causes  die  submarines  lo  etnplov 
“uoll  pack'*  lac  tics,  in  which  a  ny  submarine  making 
contact  endeavors  lo  inionii  odieis  in  the  vicinilv 
and  home  diein  to  die  convov.  I’oi  the  second  and 
suhsecjiieiit  submarines,  die  search  is  no  longer  ai 
random,  and  die  nmnhci  ol  eoniacis  made  is  in- 
(leased  hv  i heir  additional  knowledge.  If  hall  a 
do/eii-  siihmaniies  can  lie  homed  lo  each  original 
contacl.  the  number  ol  contacts  made  In  each  is  ap 
pioxiinately  six  limes  as  great  as  without  homing. 
I 'niled  Stan  s  submarines  operating  in  groups  ol 
about  i luce  have-  .made  about  1.7  times  us  mails  eon- 
bn  ts  as  those  limning  independrm  Iv . 

(mi  man  l  hoais  have  foi  ined  woll  packs  as  large7 
as  10  io  LfH  jot  souk,  iill.it  ks.  ijiough  l  heir  avc;i  age  si/y 
was.  no  doubt., nun  h  smallc-i.  1  hegc-iu  ial  proceduie 
\\ as  lot  the  hi  si  P-ho.u.  making  coni.ac  i  io  report  die 
c  <  ai  \  ov  to  (  boa  I  control  (ami  foodie*  l  '-boais)  and 
i hem  to  Hail  da  convov  without  abac  king,  supplv 
ing  Mom  itijoi  maiiun  cone  ei  niiig  the  convov  as  avail¬ 
able.  and,  when  possibles  supplying  homing  signals 
to  ajd  olhei  ('  boats  in  Hosing*  Ihe  convov.  On  re 
c  <  ipl  ol  the  (  oniac  t  Ic-poM  .  (oiUlcd  won  1,(1  clil eei  othcl' 
P-boais  in  die  vicinilv  io  inieicepi  die  convov  and 
attack  il.  )  Inis  a  gioup  ol  l  boats  would  collect  in 
the  inuncil ia le  vicinilv  ol  die  conven.  each  acting 
more-  or  less  indepeiiden  t  Iv .  When  a  l'-bo;il  was  in 
hivo.tahle  position,  an  aback  would  be  launched, 
and.  abei  a  hi  it  !  k  l  irenu-iU.  t lit'  P-l>oal  would  en¬ 
deavor  io  gel  in  i.o  posiiioii  again  lor  real  lack,  litis 
pioceciuii-  w-onjd  obeli  h*c  kep;  !;.r  several  d«V\s 
and  nighis.  In  ibis  wav  only  a  Iiatiron  o!  die  total 
number  ol  l  hoais  in  ihe  wolf  park  would  be  in 
contact  will)  ihe  convov  at  am  one  lime,  and  onlv  a 
bacnono!  diem  would  lx*  ac  lively  aitac  king.  Newer- 
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theless.  (Ik*  ability  io  form  a  large  attacking  group 
when  a  roimiv  is  sighted  is  til  great  important**  in 
convov  hat  lies,  and  nuieli  antisubmarine  elfort  is  lie- 
voted  to  preventing  (racking  and  wolf-pack  lor- 
iiuti  ion. 

,0IH  Submarine  Approach  (o  Convoy 

When  i lit'  submarine  lias  made  contact  with  a 
nimov,  an  apprnacn  (o  within  iorpeii. Hiring  posi¬ 
tion  ninsl  he  made.  I  luie  aie  two  aspic  is  to  the  sub 
marine’s  problem:  tin  natural  <1  i Hu  tt  1 1 \  oi  making 
Mich  an  approach,  port  iru  Lir!  v  serious  when  sub- 
nuigeil.  and  the  additional  dilhcultv  ol  avoiding  de¬ 
tection  and  counterattack  b\  the  uhi\o)'s  escorts. 
I  he  tvpital  uhiuin  being  large,  slow,  and  unmaneu- 
verable.  the  latter  aspet  i  is  usually  the  more  impoi- 
lattt.  Only  in  the  tase  < >1  a  last  convoy  which  tin 
submarine  cannot  Hack  oi  overtake  on  the  surface 
is  there 'am  great  dilliciili.y  in  the  apptoadi  process 
when  the  .submarine  is  unopposed  hv  escorts. 

As  was  seen  to  he  the  tase  lor  independent  ships, 
speed  has  an  impotlanl  e!le<  t  t>n  the  salety  oi  am- 
vovs.  A  speed  stiiiuieitt  to  pu* vent  n  at  king  anti  over¬ 
taking  makes  ii  ijnp.y'siblc  lot  the  suhmar i iu:  io  get 
into  posit  ion  ahead  l>\  an  end  i  on,  i  educes  i  he  i  rat  k 
mg  data  whit  lr  t  he  Mihmai  inc  t  an  ohtaiu.  and  limits 
it  in  nm  tpiitk  ap.pi oath  and  Attack.  In  addition, 
high  ton\<>\  speed  makes  it  dilbtu.h  to  gaihei  i  wojj 
pat  k  If  l  lit*  attack.  I  he  died  ol  speed  <  annul  u.adilv 
he  Jiiokcn  down  lot  ,mnlvi;;«d  sm<|\.  and  piesenta- 
t  it  it  i  ol  opei  at  it  ilia  I  da  i  a  on  t  hi  m  e»  a  1 1  ellet  l  ol  speed 
is  (lelciied  until  a  later  y  <  linii.  I  he  tit  tailed  c.valtia 
lion  ol  the  e(jet  tivencss  ol  est  oils,  both  sin  late  and 
ait 1 1 a'1,1 .  in  deict  l  i:ig  and  pieventing  the  appioat  h  of 
a  snhmaiiiie  to  a  tonvov.  is  discussed  in  Volume  -b. 
Srrn/Ji  and  \i ) rating. Ai nc e  the  st  i celling  pmbUm  is 
simply  (hat  ol  searching  lor  a  ungel  known  to  he  try¬ 
ing  lo  appioat  h  a.  utiain  legion,  in  Volume  ~B. 
C  haplt  i  s  S  and  \i.  met  hods  arc  dese  i  ibid  lor  de(  iding 
on  i In  optinuiin  sc  teening  disposition  yt  plan.  C  louse 
(juenily.  the  problem  ol  making  such  decisions  will 
nol  lie  di.s(  nssed  here.  I  he  ;»ene)  al  method  oi  anal¬ 
ysis.  however,  is  as  billows. 

Die  (olivny  is  stinoimdcd  hv  a  torpedo  dnngc-i 

Zone  wl'bh  i'l'IniU  ,»||  Iioinls  from  vehif.il  •  ■  wolj. 

marine  has  a  fair  t  hance  of  hiding  one  or  more  ships 
in  the  convoy  (a  chance  ol  -a  per  tent  orgieaier,  for 
example).  Ahead  o.l  this  /one  j\  another  (ailed  the 
submerged  approach  zone,  bounded  by  the  limiting 


approach  lines  on  ihe  sides  and  the  submarine's  de¬ 
tection  radius  of  the  convoy  on  tlu:  Iront.  Any  sub¬ 
marine  in  this  /one  is  considered  to  he  aware  of  the 
presence  ol  the  convoy  and  can  approach  it  sub¬ 
merged.  To  the  Hanks  and  rear  is  the  surfaced  ap- 

i i i  contact  w i ; h  the  convoy  Imt  must,  remain  on  the 
surface  to  have  sttflit  iem  speed  to  approach  or  track 
it.  (For  a  last  convoy  this  zone  also  has  a  limiting 
alter -bearing  behind  which  the  submarine  cannot 
approach,  even  on  the  surface.)  These  zones  arc 
shown  in  Figure  2. 

The  primary  aims  of  aircraft  escort  are  two. 

1.  To  force  down  submarines  in  the  surfaced  ap- 
proac  h  and  true  king  /one  and  cause  them  lo  lose  con¬ 
un  i  with  the  convoy ;  and 

2.  To  dciei  i  submarines  which  would  enter  the 
submerged  approach  /one  and  prevent  them  from 
(loin!*  so.  The  Mihmarines  are  to  lie  forced  down  and 
immobilized  so  that  the  convoy  may  be  turned  away 
horn  the  ronJac  t  and  ilms  avoid  the  submarine. 

A  good  aircraft  escort  plan  should  reduce  by  at 
least  f)0  per  cent  die  number  of  submarines  gaining 
an evs  io  the  submerged  approach  or  torpedo  danger 
zones.  In  addition,  tracking  and  woll-pack  formation 
ate  made  very  unit  h  more  clilHc  it  1 1 . 

I  he  (  hie  I  aim  ol  the  surface  craft  screen  is  to  de¬ 
ice  t  sttbma)  ines  in  the  submerged  approach  zone  and 
take  ihrm  under  < ountet attac  k  before  they  can  lire 
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torpedoes.  in  addition.  sn i Taco  nail  mas  lake  ciileu- 
sivc  anion  against  .s  1 1 1  >:  i  >;i  i:  i  its  first  contacted  l>v  aii- 
craft  and  must  lie  |)re|i;n  i  d  to  inlm(‘|)l  smhicrd 
. 1 1 >| n< »titl i  and  present  milking  wilt'll  ail  cover  is  mil 
asaihiblc.  Their  diet  tiscness  in  the  latter  role  is 
dillii  nil  in  est  iniaie.  With  a  normal  si/e  convoy,  sonar 
si  reens  i n:> \  reavt ilia !i!\  !«  r'lji;  i  ll  t!  to  i ii it  iu  jii  -III  m 

7a  percent  id  tbc  appro. ce  ling  subinai  dies,  assuming 
good  sonai  conditions  and  a  normal  number  ol 
si  reciting  ships. 

IiMwiimarc  I  he  .silicic  ol  a  <onvo\  with  ihitl  ol  ;m 
iiuUjKiulcni  .sliiji  on  a  iheomical  bnsis.  all  liicxe 
lac  tors  should  Ik-  lakcii  info  auoimi  (jii.uh  umixeiy. 
This  <;m  In-  done  only  in  the  most  approximate  sort, 
of  Wax.  Tin*  aimall  m  ktii  should  i 1 1 l«*i « c] >1  <t <  h  ast 
“>()  pel  teiil  ol  the  submarines  approat  hiu«,.  and  the 
sm  late  trail  at  least  all  per  tern  ol  those  not  de- 
let  ted  In  aimait.  ( )ihei  things  Iniim  enual,  the  sub¬ 
marine  would  he  able  to  earn  lliiough  less  than  one 
eiuniUi  as  mam  approat  lies  to  e*s<  or  ted  con  vox  s  as  !o 
independent  ships  per  hundred  initial  romans.  I  he 
danger  e»|  allaekinu  an  es<  oi  led  lumen  is  unmi 
enough  to  ha  \e  an  impoi  taut  ps\<  bolus;  it a  I  ellet  I .  as 
well.  \  siion&  eseon  max  deter  the  submarine  lom- 
maneler  Irotn  exeii  in  ini;  to  attack.  Armailx,  tlie 
larj»e  si/c  and  low  maneuxciahiiiix  ol  a  (oiixov  c<r- 
tainh  simplilx  tin  siihniai  ine  ’s  appioaeh  piohleui 
Soniewluil,  and  iVseeins  piphahie  that  the  ratio  !><• 
(xx'een  the  haetioii  ol  successful  appioaehes  on  eon 
xms  and  the  fruition  on  indepc  nelents  would  he; 
neat  et  one*  hall  than  iiikm piai  u*j . 

,,Mi  'Torpedo  11  its- Slightly  Easier 
to  Achieve  on  Convoys*" 

I  lax  ini;  a<  hiexed  a  lit  iiij;  posit  i<m.  the  suhmai  ine 
still  has  the  pi  obit  hi  ol  see  in  inj*  one*  or  molt'  lot  pedo 
hits.  Ii  is  ex  idem  dial  this  will  Itc  easier  w  ith  a  eon- 
\ox  than  with  an  i-ndcpeudem  ship,  .since  a  large* 
number  ol  lafgcts  is  pirsemed.  in  general,  lire  sub¬ 
marine  w  ill  lue  at  a  paniuilui  ship,  hm  max  lad  to 
hit  it  aiid  hit  mimic  other  ship  instead.  A  detailed  dis 
Mission  ol  the*  tabulation  ol  the  piohahililx  of  such 
hits  is  fli.se  listed  in  cornice  linn  with  the*  matliemai  i<  a! 
loi  uiiilal ion  ol  i he  s<  i  ceiling  piohleui  in  Volume  2B. 
(.haptei  8.  A  typical  e\ainj)lv‘  xxill  suffice  to  illustrate 
ili<-  piimiplcs  involved.  Consider  flw*  e?i>e  of  a  mi!; 
maiine  firing  into  a  huge  eonvoy  from  abeam  as 
shown  in  i'igutr  .‘5. 

A.  lot  pedo  In  eel  1 1  oil)  2(10(1  yd  abeam  earn  pass 


l  u.t  III  T\ )>i< ;d  convoy  diiposif mu. 


thifiugli  .several  columns.  !l  it  is  lired  at  random,  its 
pmbabiliiv  ol  encountering  a  ship  while  passing 
ibroiigh  the  lirst  rnhtimi  would  lie  //H (HI  where  /  is 
ilu-  Icii" i  h  ol  a  ship  in  yards.  For  !  1  10  yd,  t lie 

(haute  ol  a  hit  in  passing  through  three  columns 
(allOO-sd  range  tot  pedo)  would  be 

I'tobabiliu  ol  hit  -■=  1  ^1 


II  a  total  ol  lour  torpedoes  is  lired.  the  expec  ted  iinm- 
her  ol  hits  is  1  .<  0.1  I  1.70.  Since  not  all  hits;  will 
cause  ships  to  .sink,  it  is  reasonable  to  estimate  that 
I  to  It  i  ships  would  lie  stink  as  a  result  ol  the  alttu  k." 
I  his  is  to  lie  compared  with  a  maximum  of  one  ship 
in  an  attack  on  an  independent  ship:  an  average  re¬ 
sult  would  probably  lie  in  l  lie  range  Irmii  j/k  to  1  ship 
stink  per  allac  k  on  an  iiidependcnl.  On  this  basis  we 
would  expect  the  ratio  I  tel  ween  sinkings  per  salso 
lai  d  at  a.  ton\o\  and  sinkings  per  salvo  lired  at  an 
independent  to  la-  not  greater  than  three  to  one,  and. 
mole  likcK,  ;t bout  nvoloonc. 

It  is  evident  It  out  l-Tgurc  .T  dial  (he  number  ol  ships 
sunk  pet  sals  o  will  not  depend  at  all  c  I  it  it  ally  on  the 
st/e  ol  ccinsos.  II  the  subtil, 'll  ine  uses  a  ten  pedo  of 
.'lOOO-sd  iattge..  tl  can  pc  net  rale  ..only  about  three  or 
loin  c  oh  tin  us,  so  that  ini  rea.se  in  (cuts  civ  ,sr/e-  to  more 
titan  lour  columns  <  a  uses  no  I  n  niter  iuc  rease  in  ships 
stink  per  salvo.  Only  with  vet  s  long-range  torpedoes 
does  this  c  |  c  t  .i  >  1 1  it  s  com  it  me  to  increase  alter  a  convoy 
si/c  ol  III  to  lid  ships  has  been  reached.1, 

!l  I  hi*,  (t^iirc*  depends  nn  ;i  niunbci  ol  fat  tois.  mm  Ii  as  t\  |h*  ol 
sin'll,  distance  I  tom  l;niil,  loneliness  (.*1  sen,  (*|(.  I  In*  r\|>ri  ieuce 
ol  I  * 1 1 i I <•« I  SlHir.s  subin.U  ilirs  lias  been  lliill  about  10  |>ci  tflll  ol 
1 1 ic  shins  hit  l>x  one  lot  j>nio  \ink.  I  bis  won  bl  lead  l<»  1 ,70  /.  0. 10 

0.7  1  sin  |'s  sunk  j>r»  s.ilxo,  llnis  ilu*  <*siini;ilc  ol  1  to  1 1 !,  sliips 
Mink  is  jjiobahlx  too  lii^li.  if  aiixtbin**,  tbonj'li  ii  max  be  alxmt 
v.'c.iilic  i  m  mui  \uaiiiic. 

*' As  a  (osollaix  it  max  !>e  ii>m  liulcil  tnai  ioi  altuik  cm  vei  y 
kiifte  UMixoxs.  a  tojj.K-do  wotikl  be  um>  ellectixe  be¬ 

cause  it  nould  liu\r  good  <  haix cs  of  success  xx  lieu  (lied  into  Ilu: 
convox  at  landomasa  liia«vnlnj»  sliot. 
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w-**’1  Overall  Value  of  C-Ionvoyint* 

From  dirse  hgmes  a  vciv  rough  estimate  nl  the 
overall  gain  ol  saletv  )>v  (iiii\mii^'(iin  In-  made. 
(\pic:tl  av  crage  si/e  of  c  on\  ov  dm  ing  I  lie  Ha  1 1  le  ol  I  hr 
At  lanl  ii  was  alimil  .“>0  ships.  1  i  ansai  l.i ill  k  coiivdvs 
wen*  ol  ten  huger.  coastal  <nmo\s  iionuallv  smallei. 
For  <  lie  (ompatisem  (lure  lac  tens  nnisl  he  l.akeii  into 
.UlOlllH. 

I.  I  lie  laiio  of  comae  is  made  on  umuns  io  diose 
on  independent  ships  lot  the  same  rutmhet  ol  ships 
at  sea,  which  accoiding  to  ecjii.ition  ('_?)  is  given  In 
r»0)  -  i ..  ;:l  I  title  ?;  mil 

L\  I  lie  relative  difhcultv  ol  making  the  apptoach 
to  bring  posit  ion.  It  was  (si  i  i  tailed  dial  I  he  sulmiaii  lie 
won  ii!  he  stu  ( tiss(  ui  ahom  hall  as  oln-ii  u  it  It  ( omovs. 

a.  1  Ik  i ;  i  (  I  that  sinkings  pei  t  haiK  c  I  o  In  e  a  sal  v  o 
at e  pi < »ba)>t\  ahotn  twice  as  gi eat  with  laige  < omovs. 

I  ’lie  ne  t  etlei  t  ol  these  lat  lot  s  is; 

II., 

Relative  loss  III  MllUoV  j()  ,,  . 

I 

In.  i\) 

]  his  is  a  considriablc  gain  in  saletv  and  is  in  lea- 
soliahlc;  agl  eetnetil  wit  I)  I  lie  ohseivid  <1  illri c  lie  c:  in 
loss  late  given  ill  Fan  I.  J  In  loss  pc  i  mnnlli  in  rnn 
\o\  was  I  pci  cent  dining  c  oil v  l!H2  in  the-  l -idled 
States  Slialegic  \rea.  while  that  lea  independent 
ships  was  'JO  pel  cent,  a  i  at  io  ol  one  to  live.  I  his  i  at  io 
is  somewhat  less  than  that  c  siimaied  in  ecpi/ition  (  I), 
u  hie  h  is  sm  pi  ising  lire  anse  capiat  ion  (  I )  should  give 
a  lidllv  t  ousel  vaiive  esi  imaicj  c.»l  the  gain  involved  in 
t  omening.  One  possible  c  vplanat  ton  ol  die  discirp 
a  nr  \  is  1 1  le  emphasis  p  lac  eel  hv  i  he  ( In  mans  on  wo  11 
parks.  In  which  the  advantages  ol  .  c onvov  ing  can  he 
huge  l\  nenliali/ed.  II  a  pat  k  ol  ten  si i Inna l  ines  woe 
ioiie<icd  on  ( at  h  innud  and  aii  weie  riirctive,  me 
loss  in  c  onvov .  based  on  ecpialion  (I)  would  he  dir 
same  as  lot  independoil  ships,  lathei  than  one-lenlh 
as  gn  at.  I  Inis  the  operational  ratio  ol  cmc-Iillh 


1 1 1 ii* 1 1 1  he  interpreted  as  ini pl\ ing  that  tile  Germans 
ueic  able  to  home  an  extra  l '  bom  to  each  contact, 
on  die  average.  In  mam  r  ases,  vvoil  packs  o!  more 
than  two  l  boats  were  loi  med,  hut  in  many  other 
cases  only  one  L  boat  was  in  eoniact.  'File  average 
number  ol  l Mioals  attacking  eac  h  coiMarl  would  he 
two.  which  can  he  compared  with  die  number  1.7 
wlii<  h  l  niied  Slates  submarines  have  ac  hieved  while 
opera! ing  in  groups  (ol  about  three).*-' 

It  may  he  (.one  luded  that  there  is  no  irreconcilable 
dillcience  between  our  theoretical  eslimate  of  die 
situation  and  operational  data  lor  the  period  cj noted. 

, .  •  i . : .  s .  .  i . : . ..  i  i  .  .  ■  i  i .  i  i 

»»••»*"  «im-  i  %  pit  .ii  t;i  opeiaiionai  levans.  i  ins 

owiall  agreement  conlirms  the  belief  that  convoying 
is  piobaidv  the  most  ellective  method  ol  reducing 
sinkings  but  does  not  plow  that  the  foregoing  pic- 
1  lit c*  ol  the  nice  hanism  bv  whic  h  sinkings  ate  reduced 
is  correct.  In  oi do  to  throw  luriher  light  on  the 
details 'ol  the  process,  it  is  nccessaiy  to  aualv/e  the 
operational  data  more  eaiclullv  a.nd  determine  the 
cllect  oi  lac  mis  such  as  si/c-  and  speed  ol  convov  and 
si  i  engl  h  o!  esi  oil,  on  die  losses  ol  si  l  i  j  )s  from  c  onvov . 
A  nuiubct  ol  sin  Ii  studies  at  e  disc  ussed  in  the  lollow 
ing  sec  lion  and  are  con  elated  with  the  rough  dieorv 
given  above’ 

OPERATIONAL  STUDIES  OF  THE 
EFFECT  OI  VARIOUS  FACTORS 

on  tilt  sAFrrV  or  ships 
in  CONVOV 

"’■•l  The  Effect  of  Convoy  Speed 

•Speed.  has  a  u-iy  <<>iid<lcral>lc  ellect  twi  die  saletv 
nl  inil<  |H  ii(k  in  ships  and  ini”hl  therefore  he  pie- 
smiK'd  l.i  have  a  similai  ellecl  lor  (omovs,  T  here 

'  A  \'  ^iiic  .in.uogocis  in  i i ic*  ii \ t*  io  our  unio  lotiml  loi  inde¬ 
pendent  veisiis  i emvoved  ships  can  he  nhiniucd  |>\  comparing 
sinkings  hefoie  and  at  lei  c  onvov  ing  in  ceitain  regions.  The 
( !a prlow 1 1  and  I  linidad  areas  d»nili  regions  o|  high  t  -hnai  ac 
uvi.v  j  give  ratios  ol  ahmn  sis  n*  one  and  ten  Io  one*. 
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have  been.  however.  rclal  ivelv  lew  convoys  o!  speeds 
Irom  i\>  in  20  knots,  in  which  speed  1  angc  the  nut 
standing  el  fee 'is  are  observed  wit!i  independents. 

In  order  to  have  lot  xiiielv  a  large  number  of  mu¬ 
ons  \\  ilh  serious  exposure  to  siil)i:i;t! incs,  it  is  neces¬ 
sary  to  deal  with  .North  At  lam  u  convoys,  whose 
maximum  speed  was  about  JH  ■>  knots.  Data  on  these 
ion\o\s  lot  the  ti  month  period  Irom  August  1912 
through  |auuarv  19  T»  art  pic  sc  nice!  in  Table  I.  Dm 
ing  this  pel  iod  SO  to  I  10  T-bo.us  were1  opei.it ini;  in 
the  Xoiili  Atlantic  and  convov  losses  were  high. 

From  Table  |  it  <;m  he  com  hided  that  ( I)  thee  flee  I 
ol  speed  in  l!ie  success  n|  the  allac  ks  is  cpule  c  leal  in 
casthonnd  and  unclear  in  westbound  inmms,  and 
(2)  that  an  rllrc  I  ol  speed  on  sight  ings  max  be  pie.se ill 
but  is  not  sliunglv  indicated.  1  be  disc  rc-panc. v  be¬ 
tween  casibomic!  and  westbound  convov s  is  vety 
si)  iking  and  makes  inlei  prelal  ion  ol  the  data 
dilhc  nil. 

In  an  attempt  to  explain  ibis  cl ifli  teiic  e.  the  mutes 
oi  a  laii  sample  ol  tonvovs  (otmiling  those-  Ioi  ()\ 
coiiwivs  which  naveled  vetv  mite  It  to  tin  south  be 
i  a  use-  o|  c  oitiaiiiiiig  a  pot  lion  hound  lot  Alt  ic  a)  wete 

I  eiDllsl )  lie  ted.  I  lie  meal)  r.'isihinind  .nit  |  wi'sl  hound 

I I  a<  ks  ai  e  givc  u  in  |-  igm  e  i.  I  he  nest  bound  c  on  v  ovs 
evidciillv  have  llavelsed  a  ionic  sonic  200  to  100 
mill's  south  ol.lhc  mean  c.isliininid  mule  between 
20  \\  and  r»o  \\ . 

\  plausible  i  \pl, illation  ol  the  dill,  n  m  .  fleets  ol 
••peed  on  lavi.boiind  a  ml  \vc  M  bon  nd  convovs  IoIIohn: 

I  astb.  mud  <  oj i\  ov  s  being  l.u  t  het  not  t  h  i  eiv  cd  la  i 
let  ail  roifl  si  n«  e  ,i  i  i  n  a  1 1  He  u  I  mm  Ic  eland  (  .him- 
Cp.ienj  lv  I  floats  Ope  l  at  ing  ag.iilist  I  hem  -had  in  spend 
.1  l.ngrl  ll.a  lionol  tin  it  tlliK, -  siibmri  “<*d.  I' he  ///.  */// 
of  (  bo.  1 1  :*  is  tin  ic  loir  less  when  ai  lacking 
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east  bound  than  wc-stboimd  lonvovs.  Corisccjiu  ntlv 
tlu*  increase  ol  spee^l  Irom  7  to  9 />  knots  m;iv  Ik*  a 
<t  t:ical  range  and  give  huge  loss  reduction  lor  east- 
bonnd  convovs,  though  no*  lor  west  bemud.  I  his  line 
ol  reasoning  is  confirmed  by  the  lari  that  aiictalt 
made  in  attacks  nst  i  -boats  in  connection  with  east- 
bound  convov s  and  only  a  with  westbound. 

What  is  reailv  needed  in  make  llie  ellert  of  speed 
(|itiie  clear  is  a  set  ol  it  ansal  lain  ic  coin  ovs  all  ol 
which  have  received  appi  oximatelv  the  same  air 
cover.  Those*  tomovs  winch  travel  a  southerly  route 
in  genet  a i  ate  not  covered,  and,  as  was  shown  in 
1‘igme  I.  this  has  applied  more  to  westbound  than 
to  east  bound  convoys.  II  we  eliminate  all  <nn\ovx 
which  make  the  mid-ocean  part  of  the  voyage*  south 
ol  the  Che  at  (arclr  route,  l he  remaining  ones  should 
be*  I  ait  ly  homogeneous  witii  respect  to  air  cover  and 
should  give  an  indie  at  ion  ol  the  value  of  speed  under 
those  conditions.  Tor  this  purpose*  the  tonics  of  ail 
transatlantic  convovs  from  October  1*1-12  to  rarlv 
Mav  19!‘i  we  re  plot  led  out.  and  those  whic  h  spent 
mole  than  hall  (licit  time  {between  I  :V  W  and 
I \\  )  soul Ji  o{  the  ( b eat  ( a i c  le  route  el iminated.*1 
I  h<  icmaindci  is  shown  in  I  able  2.  Stragglers  ate 
in*  hided  in  the  figtu.es. 

I  Mill  l'.  I  ussrs  lm  <nmo\s  chi  nen  ilici  |\  mutes. 
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Millri <*cl  ni.ii c  liosvitv  ih:nj  Hie  hem.  li  i-  ol  greji  iimiest  ili  n 
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I  viii  I  ,'i.  losses  Ini  \;st ions  m/i\n  nl  mmms.  1*111  Mill: 
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I  he  Diimhrr  ol  couvnvs  is  large  enough  that  the 
cf;ii;i  in.tx  be  t  niisicic -red  significant.  1  here  is  no  diflei 
eme  in  die  Irccjiuiic  y  ol  si^* h I ings  01  attacks.  Imi  the 
n  limber  nl  ships  Mink  pci  I;im  convoy  is  I  wo  liiii  els  ol 
l hat  per  slow  < miv  oy . 

Tile  overall  i  mu  lusion  is  !  I  la  i  some  i  m  \i*  similar 
In  that  ol  l'i»mr  .*»  in  <  ilia} jut  9  obtains  los  convoys, 
hm  it  is  prohahh  displaced  in  die  diicc  lion  ol  lowri 
speeds.  .\ii  1 1 1 vit  tends  i*»  cause  the  critical  region  of 
iiu  i  ill  ve  In  im  <  m  nl  sloUi/i  speeds.  am  I  l  hr  shape  of 
tile  nine  depends  on  the  cMciii  ol  aimali  cm  oil. 
I  he  data  available  air  very  far  Imm  adequate-  to  es 
t  a  hi  Mi  the  detailed  mimic  ol  I  his  i  in  \r  and  its  ih. 
jx  illh  lK e  on  ihr  ail escort  piovidrd. 

1  'Flu*  flee t  ol  Convoy  Size 

It  might.. vri  v  f  easonahiv  hi  <  lainird  lliai  1 1 ie rllrc  l 
of  ioiiui\  si/r  is  the  most  iniporiani  phriioinc mm 
;.sso(  ialnl  wilh  i  onvo\  in**:  it  is.  in  lac  i .  the  rssrnc  r  of 
c  oi.im>\  ing.  siiH  r  an  indent tkIi  nl  vessel  <  an  Ik  c  oiisid 
eiei.l  to  he  aconvov  ol  one  ship.  ()n  thcoihei  hand, 
the  plrsrncc  « j!  cmoHs  might  he  considered  live  most 
important  leatitre  ol  die  convoy  system,  and  this 
I  eat  in  e  will  he  discussed  imincdiatelv  a  I  let  ton  vide)  a- 
|  ion  ol  I  lie  el  let  I  nl  c  olivoy  si/e. 

St -s  ci ;i |  studies  have  hceii  made  ol  the  losses  snl 
leietl  h\  Noitli  Atlantic  convovsasa  liutdron  til  si/e 
and,  although  die  losses  w'cie  loi  mnatelv  i<jo  small  to 
pmvide  data  ol  iintpiesl ionahle  statistical  mi; Nile 
(ante,  llivv*  lead  to  sonic  vei  \  interesting  conclusions. 
In  the  Inst  plate,  data  ate  pieseitlecl  in  I  aide  a  per* 


1912  and  in  vvltit  It  the  appn»\iiuale  number  ol  at¬ 
tack  mg  I  - boats  was  known. 


The  striking  feat  me  ol  Table  .l>  is  t  lie  c  onstauc  y  ol 
the  figures  in  die  Iasi  toimnn.  There  is  c eria inly  no 


clear  (endciicv  loi  die  mimher  ol  ships  sunk  to  in- 
< lease  with  si/e  ol  convoy.  It  might  he  expec  ted  that 
i here  would  he  a  naiuTal  lendmicv  in  that  direc  tion 
which  would  he  < minin' balanc ed  by  an  increased 
strength  ol  escort  wilh  the  large  convoys,  hut  the 
figures  given  do  not  hear  out  such  a  contention.  Tor 
convoys  ol  from  la  to  a  a  shij>s  the  strength  o  I  escort 
was  virtually  constant,  hut  no  appreciable  change  of 
sinkings  with  si/e  ol  convoy  is  ohseived.  Hence  the* 
eat  lie?  ihcoi  etical  c t»n*. lusion  that  tix  tease  in  convoy 
si/e  to  mot c  than  lour  <  ojiinms  causes  no  I’m  t  her  in¬ 
crease  in  ships  sunk  per  salvo  is  home  out  hy  the 
opc:i  ational  data.  A  convoy  of  If)  or  more  ships 'is 
app.ncni.ly  large  enough  that  the  number  ol  ships 
sunk  per  l  -hoal  attack  does  not  depend  on  convoy 
si/e.  .Such  would  not  he'  the  rase  fur  smaller  convoys, 
win  i e  we  would  c.Vpct  I  inc  leased  si/e  to  he  assoc  ia.li  cl 
with  an  inc  tease  in  iimnlxi  (though  not  in  liaction) 
ol  ships  sunk.  Data  on  small  convovs  are  available 
lioui  attacks  bv  l  iriled  Males  subina rides -on  Jap¬ 
anese  c  omovs.  l  or  the  jjet rod  Irom  July  I,  19-12,  to 
id  .* Marc  !i  I.  I  9  l:h  the  t esuhs  ale  given  in  Table  I. 

I  nil  j  I.  Sink  1 1  ij;s  I  i  <»iii  j.ip.njVse  muvm.s  ;is  ;i  him  (inti  of  si/r. 

<  IK  t  .  S.  siiliinai  iiii“..j 
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NUMBER  OF  SHIPS  IN  CONVOY 


l-'ic.l  Kl  .*>.  I*  lift  i  nl  (i)ii\o\  \i/v  i>fr\lii|>s  stink  }>«*>  Milt 

ilia)  i lit'  aide  k. 

Willi  smaller  (uinms,  iheie  is  a  definite  inti case 
in  the  nuinhei  ol  meithant  vessels  sunk  as  the  si/e 
of  im  leases,  width  i?  in  a<  tortlantc  with  ex- 

j  Hi  unions.  A  comparison  ol  the  two  sets  ol  da  la  is 
presented  in  figm  e  a.  I  ‘he  two  ai  e  not  direct  l\  tom- 
paiahle.  since  ihe  sizes  ol  tomovs  involved  do  not 
ovrilap  and  sinte  the  effectiveness  ol  i'mdii  in  die 
two  cases  is  midotlblcdlv  dillelenl.  Nevertheless.  the 
overall  pit  tine  ol  a  tonsidc  table  intiease  Im  small 
(on\u\s  lollowcd  In  an  inappi 1 1  ia hie  intiease  Im 
sizes  above  20  ships  is  tpiiie  t  leal . 

.So  lai  a  Mention  has  lx.cn  de*.  oted  in  I  lie  ships  sunk 
pi  i  1 1  iisi.ii  i  t  »<  attack,  omitting  tin-  lietpu  n<  \  with 
whit  It  t  he  aMat  ks  ot  t  ill  l  etl.  I  mm  die  da  I  a  pi  iseni  eV! 
it  appeals  that  huge  mnvovs  <uc  imu  h  the  safest  Im 
die  individna)  ships.  Mine  tlx  iwttinn  of  <mivo\ecl 
ships  sunk  dec  i  eases  inai  kedl\  With  im  leasing  ion 
\o\  si/e.  II.  houevti,  il  uch  milt  h  e.isiei  lot  a  sub 
ma i  ine  to  make  an  aitac  k  on  a  huge  c  mivov  than  on 
a  small- one.  hv  viiiueol  the gieaici  ease  ol  comae  I 
and  appioat.h,  their  would  nt/t  nttcssaiilv  lx-  anv 
ovciall  gain  in  the  adoption  ol  large  convovs.  In 
order  lo  den  i  iiiirie  whrlhri  die  pic-ceding  resiihs 
give  a  I ?  nc;  pic  line  ol  die  net  elit  e  l  ol  c  hn.ngcv.in  c  on 
v  ov  si/e,  the  pi  obi  el  it  must  he  si  ml  ied  in  more  genera  I 
tel  ms. 

I  hi.s  was  clone  hv  selcitmg  a  fixed  region  phe 
(  idled  States  Si rategit  A  tea  easl  of  at)  \V)  in  which 
die  I  -boat  at  l  i\  it  \  was  high  and  hv  elcici  mining  die 
iossvs  siiih-ird  I  jx  ii  ansae  Sant  it  convoys  in  crossing 
t Ids  a i ra  as  a  1  tint  t ion  of  convoy  size.  A  loial  ol  III 
tomovs  weir  studied:  lhe\  spell!  an  avriageol  ahout 
7  daps  in  die  a  tea.  I  lie  j>ei  iod  toveied  is  liom  |  u  I  \  1. 


19 12.  lo  March  ‘II,  19  la.  A  total  of  l(i()  ships  was 
sunk.  The  pert  inent  data  are  summarized  in  Tahir  ■>. 

I  vbii  I* t rc| « tc-tu y  oi  a U.it  ks  am!  .sinkings  as  a  i unc  tion 

ol  t mum  si/c, 

rl‘M2-l<J  l‘k  Western  North  At  lam  it.) 
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1  lie  t  mivovs 

do  not  de- 

pend  on 

si/e  of  convoy.  On 

the  average 

,  approxi- 

matelv  one  ship  was  sunk  from  each  convoy  crossing 
the  i  rgion,  t  egal  ill  ess  of  its  size.  Since  llic  convovs  in 
the  at)  to  (>9  group  Vo  te  alxHii  rhiee  i lines  as  large  as 
iIiom  in  the  10  to  29 gi i nip,  eat  h  ship  in  the  large  con¬ 
voys  was  exposed  lo  only  about  one-third  the  danger 
to  whit  h  t  at  h  was  exposed  in  the  smaller  ones. 

■ 1  The  Value  of  Surface  Escorts 

\  n  on i  si, 'imli ng  It  ;i!  m  <■  <il  l  lie  <  on  vo\  svMcin  is  I  lie 
pi  ov  is  ii  hi  ol  piou-t  ii\<-  loins,  Ixiili  sin  laic  (rail  and 
aim. ill.  Sin!, lie  mill  will  lx-  discussed  Inst.  Tbcse 
am  isidnii.il  iii<  ships  luvc- a  iuin'iIhtoI  1  unci  ions:  (  I  ) 
di  in  lion  ol  sidmKi.ncd  submarines  ;u  die  i ron I  of 
(fie  dinvov  and  of  sin  ln<  ed  .stibium  i  lies  appro.n  Ii  i  iij. 

1 1'.  .Ill  (ills  heal  ill”.  (!  h  offensive  sivi-cjis"  m  liaKiss, 
lo.  ale.  and  put  down  submarines  ill  (lie  vid'nilv 
svliii  1 1  an-  ii\iii}>  lo  (rail  l  lie .< omov  or  j>c  i  into  posi- 
( ion  ahead  ol  it.  and  (,!)  aiiat  ks' on  sill ituttri lies  when 
nppot  in  nil  v  pi  rsen  Is.  Kv  01 1  'of  couMiy  is  more  Ilian 
a  mallei  of  deletlsive  sireeiiing.  and  the  most  sin- 
tessful  i-viiii  “loup  lias  been  llieoiie  whicli  prevents 
die  enemy  bom  ever  olaaiain,”  die  initiative  and 
i.niiii liinj.  a  deli  i mined  attack  on  die  toimiv.  I  he 
< < > i ■  ( i i <  l  between  die  jpoup  ol  cseot  Is  and  all  ailiii  k- 
i 1 1”  wolf  pack  is  one  which  (amiol  lie  simplv  tie- 
siiibcd  Inn  invokes  die  .skillhil  use  ol  radar,  .sonar, 
sisnal  deled  ion.  ladio  direction  fi  i  id  it  i_o.  available 
iinelli.ncn(c.  and  weather  ( ondil ions,  and  an  avoid- 
ance  ol  tontine  and  slereofs  prd  lad  i<  s.  All  endeavor 
III  esiiniale  I  In-  value  ol  escorts  on  a  llicorclical  basis 
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CON\OYlN(;  AND  l-'SCOKT  OF  .SillPPINC; 


would  be  a  hopeless  task,  Inn  an  interesting  indita- 
(ion  oi  their  important  c  c  an  he  okla ined  Irom  opera- 
lional  data. 

Numbers  corresponding  i»>  those  o!  I  able  ate 
given  in  I'ablc  f»  lor  I!)  I 1-19-11!  in  the  .North  Atlantic . 


i  Mil  I  ii. 

Mi  le  li.nii 

ship  tosses  os  .1  tunc  (inn  ol 

i-scrtl  I 

>1 

1  *•!!;■  1 1 1 .  il 

'HI  1*1 1”  in  *\  11 1I1  \  1  l.iniic  ;. 

I'sroM 

\»ml>rl  i 

»l  MiaiM-.soii  Slnji- 

*  sunk  |»c*i 

slu*n*>lh 

pack  altac 

ks  si  1  l»  I'll** 

'»  i,:<<  k 

1  1 

L“.‘ 

:i  1 

i).HH 

.“)  !l 

ol 

1  i .  V 

0.7.7 

in  ir> 

1  I.I 

«.:s  1 

I  he  filial  c 

oimiui  g 

i\rs  die  average  nmiihc  1 

ol  ships 

Mink  in  an  a l  (at  k  pe)  l  -Imai  present  in  i  lie  at  tat  k i  1114 
\vo  1 1  pack.  I  his  liguic  is  a  nieasill  e  o|  I'-hoai  success 
in  pcm-tiating  ihe  sneeii  and  sinking  ships.  I  he 
<  Iliel  eflec  I  ol  slu  lm  e  esc  01  is  might  lie  evpcc  led  in  he 
in  picvcntiug  (lie  ('  boat  limn  leaching  filing  pnsi- 
l  ioll.  in  Vt  l  \  simple  lei  ins  we  t  an  inlei  pi  et  the  figm  es 
(pint led  in  ligmiti*  in  1 1 1«  Inflowing  wav. 

I.  Assume  dial  in  I  he  absence  ol  am  esc  01  is  iht: 
I  boat  can  make  a  ii  malls  unopposed  approach 
and  sink  I.H  ships,  cl'ailiii  ii  was  est  imalt*d  ili.it  a 
s.jbo  would  sink  I  to  ships. 1  W  in  n  esc  ui  is  an. 
piesenl.  (he  ii  ellc  e  1  is  c  emside  n  cl  in  Ik*  one-  ol  ic-dnt 
in”  rhe  liac  lion  ol  cases  in  which  1  lie*  submarine 
leac  lies  In  ill”  posit  inn  uncle  1  ec  led.  Inn  i  he  mmihei  ol 
ships  slink  //  il  den  s  mi  is  tinl  c  hanged. 

L*.  I  he-ellc  c  I.  ol  rae  h  aclt  Jil  ion  a  I  esc  ni  l  is  in  1  nine  e 
tile  ships  sunk  h\  aboiu  IUI7”»  ship.  1I1.11  is,  10  1  educe 
I  he  l  boats  chance  ol  pelieli .  1 1  ill”  (lie  selce-M  in 
aliout  0  pei  ceiii.  Xppa/eni.ly.  In  esc  oils  would  give 


lie  a  m  c».  I.llcci  ol  miiiilici  n|  i-moi(s  cm  inmm  losses. 


PERIMETER  TO  DEFEND  ABOUT 

30  MILES 

I  tea.  Ki'  7.  /»»l)r  lo  lie  delendecl  liv  esroi  is. 


c  ompleie  pioiec  lion.  I  Hiring  the  period  under  study 
most  . uiaiks  were  made  at  1 1 1 «* 1 1 1  and  tlu*  sort  ol  per¬ 
imeter  which  (he  esc  oils  had  in  deleud  is  shown  in 
Hguie  7.  Jl  10  (steals  arc*  disuibuted  around  this 
pci  iinelei ,  ii  tan  be  seen  that  each  one  elleclivelv 
st  let*!  ted  a  bom  1!  miles  ol  n  nr,  in  nthc-r  woitls,  had 
an  eflc  <  1  i\e  tic  |c  c  1  con  i  angc  .of  abmil  i  mile  on  tin 
l  lnMis  under  ilitise  enndilions  (Mirhuccl  night  at- 
lacks  pieclominat ing:  most  ships  lined  with  radar, 
hni  noi  all  ccnimirtel  i\pe;  North  Atlantic  vv'.  ll 
|  >ac  k  opei  a  I  ioiis.i. 

I.i  is  i.aihei  surpi  ising  that  1  hei e  is  no  e\  idem e  ol 
an  npwai  <1  <  oiicav  ii\  in  die  c  m  \c*  ol  liguic  (».  Ii  does 
ncji  seem  like  j\  dial  even  lb  01  mote  esc  oris  could 
completely. pic-win  suhmatiiicv  Irom  sinking  am 
ships.  bui  ii  does  sec  in  likely  1h.1i  die  number  of 
ships  slink  w  Guild  be  made  \ c  1  \  small,  pel  haps  0. 1  0} 
(Ml,  !o,*  laigc  fnumhei  s  ol  es/ oils.  ( >n  iheoihci  hand, 
ii  m;i\  he-  ilej  1  die  pieseiiteol  a  large. number  t >i  es- 
coiis  is  sulfit  jfent  to  disc  dill  age  [  -boats  lioiii  aggies 
si\c*l\  pressing  home  .  a  l  lac  ks.  Pci  haps  (hev  would 
(onsrdei  ii  loo  dang*  1  nits  1  n  ;i  1 1 ;  1  <  k  a  c  mn  m  wjlli  If; 
o.l  mot  e  esc  ol  !s  eu*i  lo  1 r\  lo  do  so,  e\  eu  l  hougll  I  lies 
might  at  malls  hax-  sinue  rhanrr  n|  Suet  ess.  i  he  da  la 
a\ aila hie  ait  stt/lit  i»  ni  oulv  10  suggest  this  tpiesiion. 
noi.  to  answer  ir.  I  lu*\  do.  houcvei,  show  couth.i- 
sive|\  that  Mieiigthol  csccvit  played  a  wa\  impoiiaul 
role  m  deiei  mining  ship  losses.*' 

I  he  figuies  ol  I  able  b  aie  gi\eii  on  a  per  allac  k 

I  In*  1  *  m  1 1  ii'H'c  m  1  (illglv  u  un  lltc  f  S I  XI  KIJC  c:  or  l  *!>'.!  cd  Si  III  1 'v 
Miliru  ii  im  s  m  ;,l l at  king  J.i[*nne*se  tonvovs.  lot  liion  abililv  in 
sink  ships  Ii.in  iicii  been  allc  c  led  l;s  ihe  number  ol  c  mivm  cmiii  In 
(iicacmi;  the  cml\  possible  <  one  Insioit  is  th,ii  {apancse  diiec (ion 
(’c|iii|iiMchl  .end  pinnduic  bate  been  highlv  ineilet  l  i\c. 
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THE  mrOKTANCT.  OI*  LAKCii.  CONVOVS 


basis,  however,  and  do  noi  lake'  into  amount  the 
livt|itcuev  ol  attacks.  Sinn*  .surface  escorts  arc  olteii 
used  For  olleiisive  sweeps  designed  to  shake  oil  trail 
ill"  I'  beaus  and  prevent  attack.  Midi  figures  mav  not 
he  a  complete  measure  n|  die  e*»«  in's  vali-e.  I’nfor 

mil  ,»  »*.  !!'.>!  JHViMlill*  !JI  l!c  5 1  I  !5  -  i  i  U  «s. 

tional  data  the  ahililv  ol  the  cm  oris  to  present  nUtu 
One  c omplit -at inj*  feature  is  the  lendetic  \  in  provide 
more  escorts  when  and  where  the  dangei  is  gre  atest, 
which  iiu leases  tile  telalivr  number  oi  aiiacks  made 
on  enmovs  when  mam  escorts  were  present.  Ac  luallv 
die  data  ol  Figure  (i  max  he  c  oiisidered  a  i.onsei  \  at  ive 
indie  a  I  ion  of  the  value  ol  mu  i:u  e  esc  urtw 


The  Value  of  A i mal  t  Escorts 


Simiiai  inlotmal ion  on  the  value;  ol  ahe  rail  c  an  he 
obtained  hv  c  on  it  Kirin"  the  losses  Millet  ed  hv  a  it  c  tali 
escorted  convovs  with  (hose  sustained  1>\  convovs 
wiiliotu  such  escoit.  Data  ate  pieM-nteel  in  i  able  7 
lot  Ninth  Adamic  (.omovsitom  August  to  Decrmhet 
HHli.  Onlv  the  dav.s  land  nights  following)  on  which 
l  •  hu.it s  uei  e  known  to  he  in  c  on t ac  l  aie  included,  so 
that  all  ln»  in  es  pel  tain  to  tin  ca  lei  led  convovs. 

I  \iu  i  7.  ship  ItiNM  *  .is  .1  tumiiiHi  .»f  .tit  > »■  i . 

•  \  ii  I  n|  (i>  I  tec  emt'rl  I'Jf.f  \o»ih  Vil.mlici 


\Vl  l.l-JI 

\  Wi  .i:;r 

•  M  ft'  III 

si....,  ■ 

■  •  r 

Stilus 

1111  111  1  *4  1 

1  1  >(  l.  l  i 

1 i . i  |  »< 

Xlllllin 

I  .•>,]„ 

*.t 

|>.l(  Is  111 

lined 

** 

«il  « l.i*i 

s  itnril 

:ir. 

«  out. 1C  1  ,  I 

h  i  <!.i\ 

Unli  jii  ( nvr 

t  •  fS 

1 

1  '» 

n  (.ii 

U  illume  .in  i 

iiVri  «l'i 

■ _ _ 

1! 

’ 

i  r. 

Sim  r  tin 

•  clavs  v\  it 

It  arid  w  iihout  . 

i ii  c  m  on  | >t 

t  tain 

lo  die  same 

•  <  onvov s 

and. ate  in  i he  s; 

line  pel  ioc.l 

.  with 

approximate  Iv  die  s. 

line  si/e  « 

)l  WO II 

pac  k  in  i  ontac  1. 

\\e  c  ail  'lee 

1  cpiiie  c  i 

i  nthdeni 

ill. ii  t lie  ilillricni 

r  l.r 

l  w  i -i-ii  (M><l 

and  1.7.7 

ships  tot 

prdi  »ee 

1  pei  dav  is 

.ii  In 

allv  due  lo 

tin  a  ii  c  i 

all  esc  oj  | 

.  1  lie 

iiimihei  ol 

,lli|i'> 

lui'pedord 

is  icchicC 

■el  to  about  70 

pel  cent  c 

>1  III,' 

value  that  i 

il  w  mi  Id  oiliri  wise 

have  hv  1  he  pi  r.sn 

l .(  r  <  >1 

mm  h  esc  oi  l  (an  .i  vet  age  oi  lorn  soil  ies  pci  dav  siav  mg 
ahout  L7  liouis  with  tin  comov).  I  his  figure.  oi 
couisr,  applies  to  convovs  ein  onniei  i  i  iii  wolf  packs 
ol  sm  I. ii  ed  (  finals  and  must  he-  used  wi l  h  c  a u;  ion. 
In  addition,  llieie  is  an  inlei i  elation  between  c  onvov 
speed  and  I  he  ellcd  ol  ailciali  esc  oi  i  which  was  ptc- 
\ ionslv  noiiced  in  connection  with  anahsisol  speed 
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t  ic. i  id  .H  l  itre  I  n't  :iiui;tfl  flviug  ;tntl  comm  speed. 

effects.  Figure  N  is  an  t -II on  to  present  the  probable 
lot  m  ol  i  he  i  c  lationsliips. 

I  he  c  in  ves  are  drawn  lor  various  amounts  of  air* 
<  toll  escort  living,  i  he:  general  belie  I  is  that  the  pri¬ 
mate  ellec  i  ol  ait  ( t  a  f  I  living  is  to  led  lie  e  the  speed  ol 
c onvov  ini  which  i he  submarine  can  earn  out 
Met  hod  H  1 1  ac  king  and  appioac  h.  bee  a  use  ii  is  lore  ed 
lo  submerge  at  least  pan  ol  the  little.  II  we  assume 
that  !M  Ik  mi  s  pei  dav  aiirrait  (King  will  eliminate 
Hacking  even  lot  the  slowest  ol  convovs.  then  the 
curves  chaw  ii  mav  be  taken  as  rept  eseiit  ing  0.  h,  dk 
IS.  and  -  I  in  ol  aiiciait  living  pet  dav.  I  lie  plotted 
\  c  oi  i  c*spoi  ids  to  I  hr  chili  ol  I  aide  7  (average'  speed 
«*l  c  onvov  about  one  hall  slit  laced  1*  boat  speed,  loss 
i  aie  ledueocl  in  ‘JO  pea  'cent).  Since  the  point  is  lot  S 
In  |„,  dav  ol  living  and  liessniiahlv  enough  between 
die-  It  In  and  Hi  hi  c  in  ves.  file  opera  I  juiial  data  can  he 
coiisidcteel  in  agiec-imnl  with  the  c  tit  ves  wliic  h  were 
sketc  heel  in  cm  the- basis  ol  u  i\  qualitative*  argu¬ 
ments,  1 1  in,  i\  he  c  one  hided  dial  (he  (in  ves  ol  Figure 
•S  give  a  good  indie  ai  inn  ol  the  ellec  I  ol  aim  all  escort 
and  c  onvov  speed  on  the  losses  ol  ships  It  out  <  onv  ovs. 
hut  data  available  arc  U'»t  sullicieni  to  demo, nst rale 
tlieii  evau  nature,  and  iliev  can  he  based  onh  on 
i  i  id  ii  ec  l  and  dev  ions  leasoning. 

Till:  IMPORTANCE  OF  LARGE 
CONVOYS 

It  is  rviclriii  h<»ni  i|i»-  j ?; * -*i i i ;g  disc MYiiwM  ;!•;«■ 

s h i j >s  aie  safest  when  sailing  in  large.  welf-pt  c?!c  c  le  d 
convovs.  Allhough  this  lac  t  mav  seem  triviallv  obvi¬ 
ous,  a  cjiiaui  it  alive  esi  ini.ct  ion  ol  the  overall  import 
aiiceol  large  comov  size  is  ol  juiciest. 


(.OXi-IDKN  I  I  \1. 
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CONVOYING  AND  ESCORT  OF  SHIPPING 


For  p;n  poses  of  comparison,  ((insider  a  siliiilion 
in  which  :i  mini  of  Irn  shiiis  and  one  csenrl  ale  ready 
lo  .sail  eadi  :lav  ami  <  airiiialr  die  losses  for  three 
eases:  .ill-ship  convoys,  GO  ship  mnvoys,  and  00-sliip 
convoys.  A  ion\o\  spends  (i  days  in  (lie  dangerous 
region.  and  a  lolai  ol  I  If  hours  pel  day  ol  IK  my;  till;  be 
done  aiiuallv  eseoi'liin*  <onvow  Convoy  ;; r-: 

assumed  lo  lie  one-half  the  .submarine  s  suiiaced 
speed.  File  Kiel  ical  silualion  is  preset  lied  in  Table  K. 

I  \iu  K  >S.  ( Aiiii j Miisoii  ni  enliven  si/e*v 
Cdsr 

1  II  III 

hi  ;UI  (si!  '»* 

No.  ol  t’M'Oi  In  u llll  eoiH'm  ‘I  l»  ‘I 

l).i\s  luiurri)  «omo\s  !>  *»  ‘I 

(  on\o\s  in  ci,uu;c*i  »ti<\i  -  1  *■ 

I  !vinx  lionis  iit'i  i*oiiw>%  <l:i'  <>  I-  l‘s 

Col  I  cspoudillglv .  a  (able  i.m  lie  made  ol  l he  eon 
[  ri  I  in  i  ions  10  i  clai  ivc  loss  .rale  of  t.  aeh  ol  i  he  lai  loi s 
im  ol'.  ed:  ;  ouv  uv  si/e.  iiiimber  of  cs<  oils,  and  c.Mcnl 
of  aim  all  IK  ing.  I  his  is  dune  in  I  able !). 


I  on  i  ;i.  JAiI.it i vi  loss  i .ih-s. 


I 

l  .IM 

ll 

ill 

)■  Hit  1  nl  « njnnv  si/c  J 1  i”.  '  ,ili<l  r 
l.llri  |  o|  1 1 uilllici  nl  (vm  1-  «l  itc 
l.H<  i  1  nf  .ii id. ill  jl\  ill"  .  1  i .  .*»i 

(|.  rj,  1  1  .im 

i.i  I.m 

I.m 

OliO 
o.7  “i 
o.'.l) 

0.'‘»l) 

"  y> 

i.i.;jci 

<  >\C  I.lll 

1  Of) 

II.L’O 

0.0<l 

1  hus  il  ) i iii \  lx  c < im  Inch 

cl  il),.n  ships 

in 

(  nil 

\(J\S  illT  \cl  \  1IIIK  II  s;if«  l 

ili;m  iIojsc 

in  mi»;i 

Ii  CO 

rii(:dinimsi/ed  ones  uiulei  die  i ondidoiis  of  this  ex¬ 
ample.  A  ship's  i  ha n( e  ol  he inj*  sunk  in  a  fill-ship 
1 1  ii  n  m  is  a  I  inn  i  one  lenlli  dial  in  a  ill- ship  t  omm.  In 
oi  del  lo  aihieve  lull  ellei  f  i\  eness  Irom  lOnvoving  as 
a  means  of  pioic.t  I  ni"  ships,  ii  is  ol  illmosl  impoil- 
aiue  lo  make  die  eonvoss  latge  and  well-delended. 

I  In  » e  aie  ti.-uaiii  piaiticd  liniilalions  |o  ihe  si/e  ol 
iiiliiiii.  dial  can  lie  sailed,  bill  ilieyc  lesiills  show  dial 
lor  maximum  salcl v  o I  ships  i  on \o\ s  should  lie  madi¬ 
as  la  i  "c  as  possible,  lamer,  in  lai  I.  lli.m  I  lies  iiounalK 
have  lii-en.  even  in  die  \ lla mil , 

1  In  iliiel  tlillu  ullics  involseil  ill  veiv  l.ilS'c  mu 
sms  are: 


I.  Increased  dilliruliv  of  eoniiminii  al ions  within 
die  i on \ iiy.  .Signals  from  die  romiiiodorc's  ship  mils! 
lie  passed  1 1 1 mi  one  ship  lo  another  along  rows  and 
rolnnms.  and  die  passing  of  visual  .  ’gnals  lie  run- 
(haul  ships  in  a  la  rye  iijnuiv  I  e-an-s  much  lo  lie  de¬ 
sired.  Ships  iii  convoy  maintain  radio  silence,  and  a 
set;::'.'  svsiem  i;i  ina.iiomm  signaling  has  never 
been  available,  ll  is  possible  dial  die  uiahiiciiance  ol 
radio  silence  mav  nol  lie  juslihed  when  die  losses 
through  l;iii ii v  i  ommunieai  ion  are  hahmeed  against 
die  gains  due  lo  evasion  ol  U-boais. 

If.  Dei  i  eased  iiianeinerabilil  v  of  convov,  Willi 
I  ante  eonvoss  nn-m  are  ;J  sSfit  l: ! :  ill  any  case  and  the 
ease  of  maneuvering  is  mil  a  criliial  film  lion  of  si/e. 

Im  leased  iiumbel  ol  SI raggicis.  ii  may  In: 
argued  dial  a  greater  Iraelion  ol  ships  will  slragglc 
I  loin  laige  i  on  miss,  primarily  because  ol  ( I )  and  (2) 
alum,  and.  sime  danger  lo  stiagglers  is  high,  (his 
mav  sci  iousK  iinrcasc  die  losses  suffered  by  huge 
(onvois.  Operalioiial  data,  however,  indieale  dial 
ibis  cllcel  is  mil  large,  probably  because  die  eliiel 
leasous  lor  sliaggling  ate  engine  breakdown  or  simi¬ 
lar  failures  wbiili  are  in  no  wav  lehiled  in  lonvoy 
si/e. 

I.  Iiureased  poll  longeslion.  To  some  extent  any 
(Olivos  svsiem  uowds  liarbor  facilities,  Iml  die  dilli- 
(nils  is  ini  teased  die  huger  die  convoys  are.  To  die 
(Men i  dial  ships  spend  iimiei  essarv  dass  in  pol  l,  (lies' 
a i  e  nol  ;i sa liable  lor  carry  iug  i  algo  and  iheir  value  is 
lediued.  I  he  (in  n-aioimd  lime  in  purl  is  made  up 
ol: 

a.  Wailing  lor  berllis  ip  load  and  discharge. 
(  I  his  applies  mainly  In  ships  handling  dry 
caigo.  nol  lo  laukei s.) 

b.  Dischaiging  and  loadiiig. 

i  Wailing  in  die  ihannel  for  a  iimvoy  in  sail, 
i’eriod  (a)  will  usually  Im  kepi  la  ill  v  small  alter  die 
eonsos  svsiem  has  operalcd  loi  a  lime  bill  may  lie 
(•Mended  il  die  si/e  ol  die  convoy  is  iiureased  above 
wbal  lias  been  a  wot  king  average.  lYi  iod  (l|)  (Ii  pends 
on  die  nainre  oj  die  cargo  and  varies  belween  2  and 
20  days,  as  a  1 1 1 lo.  Period  (i )  ayeiages  ball  die  lime 
In  I  ween  r  iiiivov s  ("i  i hi voy  <  y  i  le").  I  lence,  an  increase 
in  i  on v  ov  si/e  will  sonic whai  increase  die  I iirn-ai omul 
i  hnc. 

1  i"-  uldmale  limiiad.m  oil  Vouvov  si/e  is  inns  (in- 
ellei  i  ol  im  leased  si/e  on  die  time  speiil  in  port  and 
(onse<|iieiil  slowing  down  ol  die  atlual  l a 1 1 spoil  ol 
goods.  If.  lor  example,  die  average  ship  spends  10 
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LIMITATIONS  ON  CONYOVINO 


days  ai  sea  and  I*)  daws  in  pol  l  lor  an  leverage  rrmvox 
si/e  of  .10  ships,  bui  LHl  daxs  in  poi  I  lor  a  rouvoy  si/e 
of  00  ships,  ilu*  increase  in  convoy  si/c  reduces  ilu* 
rale  o|  cargo  iranspori  bx  20  jut  cent.  I  his  is  rmiiv 
••li'ii!,  as  far  a.*,  t.iiyn  can  \:;«g  m  s^urs,  io  an 
iiinnnli.’iti'  sinlinn  <>i  ^0  jw*»-  of  die  .ships 

xolxed  and  cmnoi  he  toleraied  except  in  c  ascs  where 
I  lie  expected  number  ol  ships  saved  bx  ilu*  increase 
in  convox  si/e  is  e  omparablv  gre.ii. 

“>•«  LIMITATIONS  ON  CONVOYING 

II  has  been  shown  that  a  como\  svsiem  greaih  in 
creases  ihesafelx  of ’  ships  ai  sea,  especially  i!  enmoxs 
are  huge  and  well  protected.  Ilu  gain  i-  accom¬ 
panied.  however.  bx  a  loss  in  <  argo  e ai  rx  ing  capaciix 
of  die  ships  axailable,  and  conxoxing  is  bx  no  means 
unixersallx  desirable.  I  heir  air  ixvo  main  waxs  in 
xvbich  con  Mixing  slows  down  caij*o  iranspori:  die 
increased  time  speni  in  port  and  a  dec  leased  speed 
ol  ship  which  results  in  imieased  lime  speni  ai  sea. 

An  a  n.il  v  sis  ol  l  Hi  led  Scans  c  oasial  Hade  com  ox  s 
was  mack,  using  die  ships  ;il  sell  during  |uik  IfUa  ;is 
a  sample.  Ii  was  lound  iliac  on  i.he  axeinge  a  con 
xoxed  ship  spe  nds  M  per  « i.  in  oj  in  i  ime  In  j $  and 
.r>7  per  <  eni  ai  sea.  ( )l  the  lime  in  pm  t .  hi  pei  c  eni  is 
speni  in  wailing  lot  cimve.ns  io  ionn.  Of  ihc*  line:  at 
sea .  Ml  |  hi  i  cm  c  oil  Id  be  sax  c  d  In  allowing  i  he  \  esse  I  v 
io  piocced  indej'H  ndeiilh  at  ilieii  iaird  loaded 
speeds,  (a  msec  pielil  b  .  il  all.lhcsc  ships  weir  louied 
independent  lx .  flu  s.jliie  amoimi  ol  goods  could  be 
iiansjjoiied  within  ib»-  shipping  s*  sum  in  bp  pci 
ceni  ol  1 1 ic*  lime  trcpiiied  wilb  conxoxs  /which  weir 
laihei  small  and  bad  a  <  M  1<V  ol  .iboni  a  daxs).  ]  ).ri.u  e. 
the  c;Uj*o  call  fed  bx  llu-iomoved  ships  w. is  onlx  b<) 
pel  c  «*lil  ol  wlliil  could  ll.iXr  be. -ell  c  ill  lied  bx  1  he  m  il 
i hex  bad  been  sailing  inch  ptudmdx. 

suppose.  however.  lhaj.  ibe  ships  aje  roun  d  inde- 
pendenilx  in  order  to  speed  liailspori.  I  he  niiniliri 
ol  sfiips  sunk  pel  uioillh  is  inc  i ease  cl.  and  lower  ships 
aie  available.  I$\  die  time  dial  '.\\  per  mil  ol  ilu 
ships  baxe  been  sunk,  I  lu*  siluniioii  would  no  longn 
appeal  Jaxorablc.  I  lie  raigo  caini'd  per  monih  bx 
(dm'oxed  ships  and  jndepc iidcnt  ships  would  be  as 
shown  m  Jigiiic:  0.  (Loss  rales  iissumed  aie  I  prj 
« t  ill  | H  I  month  ill  sea  lol  foimixx,  ‘Ml  p»i  rein  loi- 
independenis:  convened  ships  at  sea  .*>7  per  c eni  ol 
die  lime,  iiidcpcndeiiis,  I »7  per  u  ni.)  Alte  r  aboni  .1 
mondi.s,  convening  begins  lo  pax  dividends  in  terms 
of  greater  cargo  c  arrying  capacity. 
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I'K.i  ki  *l.  C;i rs*« >  earnin';  « a j >;ic  i I \  nf  shi|»s  riming  suli- 
i i i a  i  me  oil  cnsiic. 

I  ii  i let  i<l in"  mi  i  hr  d(  "drain I  ii  v  of  convoying.  how- 
i\ci.  <lji-  lolal  rai  go  i allied  i-,  (lu-  chief  item  of  in- 
im-M.  Min  ;i  inoiillis  die  indcpi  iiclcnl  ships  would 
si  il  I  haw  <  ai  i  icd  more  i  ai  go  liccausc  they  had  a  ton- 
sidi  rahlc  iimia!  advantage.  il  would  noi  Ik-  uulil 
idler  ahoul  Ii  or  7  inomlis  dial  l in-  convoyed  sli i |js 
would  Itaw  ilu-  laigei  dual.  This  dual  is  plotted  in 
I  i“ 1 1 1 < ■  II). 

I  Inis  i  lie  m i  i  all  v  alue  ol  <nn\n\.iiig  in  am  pai- 
liiulai  mi  u  a  I  ion  depends  on  how  iiuuli  longer  the 
wai  is  going  lo  Iasi,  among  all  olid  i  iliings.  l-'or  die 
<  omlil  ions  II  pn;s<-:ili-d  l)\  Figure  10,  ind<  pendent 
ships  would  pioduu  (lie  lic-sl  lesuli  as  long  as  die 
war  was  mil  likeh  (o  Iasi  mme  iliau  7  uioullis. 
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l  it. i  m.  10,  I  olal  oirgu  oii  rird. 
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CONVOYING  AN1I  ESCORT  OF  Si  UPPING 


xxheiras  i(iti\o\  iiijL*  would  hr  drsii ~;il >|<*  in  ;i  luni*ei 
will’-  in  addition,  list*  had  ellrt  as  of  lading  in  mn\m 
in  I  lu*  laiu  i  t  ;im*  appear  sonmvh.il  more  serious  lii.m 
liu‘  hati  t'llct  is  ol  tonxox  injr  when  one  should  nol  do 
so.  width  nsa\  l»r  reason  lor  atlxtitaiinj*  a  j»enrrall\ 
t  tiiiM-i  \  <ii  o  r  [)i  in  nliuc.  I  hr  oxeraii  toiuiusion  is. 


ilirn,  dial  t »»ii\ t»v  ini*  is  a  powerful  method  for  pro- 
let  i  in«*  ships,  hill  dial  ii  should  nol  hr  applied  unless 
dir  seriousness  ol  (he  cnemx's  submarine  oileii.dve 
and  dir  piohahlr  dural  ion  ol  die  war  juMilx  il.  1! 
die  danger  fmm  submarines  is  Sail  1\  areal,  dim  large 
t  < MIXON  S  slloil  id  lie  lomicd. 


(;w,\i-  ini-.N  i  1  a i , 


Chnpl'w  I  1 

ATTACKS  BY  SURFACE  CRAFT 


"1  ITlH-V  »  N  v  v  !  Jsi  T, MARINI-  ship  j}!  ibscrah  liUikrs 

yy 

contact  with  a  MihmaiiiU’.  an  attack  is  not- 
tnally  made  in  order  i «.»  sink  <»r  claniaj^c  ii.  Dm  in;; 
escort  Dpi  rations,  ‘Ymh:n  i  nssinip’  or  “urgent,'  at¬ 
tacks  uiav  also  lie  made  whose  thief  uni  pose  is  to 
lri»liL*n  the  submarine  crew  and  prevent  it  Iron* 
pressing  home  ils  atiac  k  on  the  c  on\o\ .  This  l\pe  ol 
attac  k  will  not  he  < oilsideied  ill  the  lollowi m»  disc  nv 
sinii.  si ni  <•  i[s  v:>!ne  is  ki!j»L‘l'x  os\c !io!oi*ic a!  : * s * c !  can¬ 
not  readih  he  evaluated  in  cniant  itai  i\e  terms.  1  hr 
so-called  deliheiaie  at  (at  k.  on  the  other  hand,  aims  to 
dcstt o\  t he  suhm.'ii  ine.  and  this  aim  c  an  he  expiessed 
iii.ithematic.di>.  In  desii»uin”  attack  weapons  and 
tactics  the  objective  is  to  make  the  piohahililv  ol 
destruction  a  maximum.  1  he  problems  uiiitli  aiise 
hi  dohiR  so  will  now  lie  annh/cd. 

>»■!  central  statement  or 

PROBLEM 

\s  is  title  in  the  otliei  aspects  ni  aniisuhm.n  ine 
wail. lie  |  \S\\  ]  discussed  in  tile  piexiotis  chaplets, 
the*  bade  pi  ine  iplcs  o|  ait'.n  k  ale  vim  pie  in  doc  i  ih<  . 
It  is  oil  In  when  iln.se  i)i  ini  i  |  lies  ai  i  exa  mint  d  in  more 
detail  tlml  complicated  pluhlems  arise.  So  bejoie 
passim.;  i«»  tin  derails  < »r  tin  attac  k  emsidn  tin  o\ei 
all  j»ic  tin  »•  ol  a  sin  lac  e  <  i  a!i  a  Mat  k  against  a  subm.i 
i  ine.  Inst  in  n  i  ins  ol  an  ,\  pi  ini  i  analysis  and  t  Inn  in 
trims  o|  an  a  posh  i  ioi  j  an.ihsis  nl  npeiiiiinnal  ir 
suits.  j  In  se  I  WO  points  of  \  lew  \\  1 1 1  a  Iso  he  c  lii  J  >1*  >\  c  :c  I 
in  the  lah  i  dc  ta iled  disc  ttssion. 

1,11  I  hroi ei ic  al  Anahxis 

h  l  <ilil  tin  theoretical  .point  nl.  view  we  ,.nr  inter 
i  steel  piiniaiilv  jn  attacks  against  vtihmci “eel  sub. 
ina  lines,  tjiou^fi  an  antisnhmainn  action  olic-n  in  5 
xolves  L’tiidiie  ol  lamming  when  (In-  snlniiatiiie  is 
mm  l.u  ed.  I  lie  sit hin ai  ine  ina \  have  hi  on  drtened  on 
i he  sui  lac  e-  initialh.  oi  it  max  lifivr  hern  loiced  in 
the  sni  lac  e  l>\  pnwioils  attacks.  In  eilliei  case*  the 
r  I  Isi  I  i  ■  »/  I  u  ij ;  /iji  ;  j;»  •*■.!!.’  hit  {■  j*  JjjjJ..  diiletmt  I 

a  uv  oil  hi  sin  lac  c  ac  I  ion  and  m  eels  m>  c  misidc  ■■  a  lion 
heir. 

\\  hen  the  piesenc  e  « *1  a  slihillci  <»rd  si  i  hi  a  l  ine  lias 
been  clc  he  led  hv  si  mat.  the  initial  step  in  the  a  Mac  k 
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is  lii  "localize  die  snhmai  ine.  i.c.,  lo  drlcrmiiK'  ils 
lan^r  and  bcaiiii}'  Irom  (lie  attacking  ship.  On  the 
basis  nl  < (ini i i i 1 1 i n jl*  ranee  and  hearing  tlala,  (lie  sub¬ 
marine  muse  ilirn  i>c  Hacked"  in  tirtiei  Itjdolei  mine 
ils  <  mil  m  ami  speed,  Smiiei  inies  I  Ii  is  is  done  exp  licit  I  y 
in  pinning  pnsil ions,  bill  more  olltn  il  is  dune  im- 
|  »l  ic  i  1 1  \  I '  i  1 1 . 1 1 1  \ ,  i  lie  attacking  ship  must  maneuver 
min  a  pnsil  ion  snrh  dial  when  il  launc  hes  ils  explo¬ 
sives  llie-v  will  icacli  a  poinl  hc  nc  alh  I  he  sin  lac  e  at 
chi  satire  lime  as  die  snlnnaiine  leaches  dial  poinl. 
k  igme  I  i  I  h  isi  rales  a  I  \  pic  a  I  a  I  lac  Is  in  which  die  har- 
lagr  is  laid  oil  die  slein  anil  lo  die  cpiariiTS  ol  die 
a n. n  kins;  ship,  and  I-  i"in  e  H  il in.sl  l  ales  an  a  l  lai  k  in 


l  li.t  K i  li.  Mir.nl  l  In  1 i\\  ii  ;i  l  ( . i <  k. 


f  Sc.mhI.imI  dm  him  j*n  srriird  in  1  |  |*  L'Lf.'t  \  leu  1 1  it-  use  of 
<  iM  on  Ire /riiicjin  : 1 1 1 c I  i.i»r.*t  uihiiin  i-s  .in  t- v;i i ■  i p io  c >T  ;m  im¬ 
plicit  U.n  kin«4  p*  oi  rdn  i  r.  R.»ns»r  uiis.  iiiiiuln  hn-.^s,  him  I 
i  II. miff's  in  I  *«*;i  l » |  ij*  air  l»sr«|  in  “i><*  fdl'  !  :s  s  i  \  i  tin  i  in  1  llir 

•iM.it  k.  I  hr  .iii(isniii;iji  ii  ic  altat  k  plot  lei ,  on  I  he  oiliei  hand,  is 
;i  *»r\  i*  c  lot  esplirii  hac  km*j.  m'iic  r  ic  picsciils  ,i  jirogt  ;t phic  plot 
ol  snlnn.il  im-  tnoi  ion. 
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Ill  ATTACKS  BV  SI 

which  die  explosis cs  arc  ilimwn  ahead  of  the  at  lark 
in"  ship.  I  lu>.c  explosives  may  he  activated  In  urn- 
lael  fii/ es  as  in  ihe  case  of  Mousetrap  or  Hedgehog 
projet  l lies:  hvpro\imii\  lu/cs.  a**  in  die  tasc  oi  Nik  H 
anti  Mk  i  i  depth  charges;  01  bv  depth  lu/cs.  as  in  ihr 
t  asc  ol  (onu'iiiionai  tlcpih  t  halves  or  “Stpiitl.”  d  die 
attacks  illustrated  in  Figm  cs  I  and  -I  arc  to  In*  siu  t  css 
fill.  I  he  charge-*  nuisl  explode  si i Hit  it  ill  I \  (  lose  lo  die 
submarine  either  in  rttplutc  iis  pressure  hull  and 
cause  immediate  sinking  or  in  damage  die  hull  sttfii 
eienlh  h»  loice  ii  10  die  surlat  c  u  licit-  n  tan  lu-  sunk 
In  gunfire  nr  ramming. 

Opera!  ion  a  1  Studios 

Iheolelital  in\ esi ig.it ions  usualh  invoke  a  tit 
(ailed  anahsisoi  die  attack  ptoblcin.  hul  (his  is  nn; 
possible  in  die  tasc  ol  studies  based  oi:  opcialionai 
data  because  n|  die  naiure  ol  the  minimal  inti  avail 
able.  I  he  priniaiv  souite  nl  data  loi  opeiaiional 
analysis  is  die  at  lion  repot  t  piepared  In  eat  h  vessel 
which  his  snatlc  an  auat  k.  Vi!  attacks  made  mi  the 
same  submaiine  dm  ini*  a  limit,  m  less  •  <ou>  inuoiis 
engagement  aie  giutiprd  as  one  int  itlenl.  whose  »<- 
suits  ate  assessed  In  the  appiopi  iale  (.oimuillee.  I  he 
asscssuit. ills  .lit.  i;t a«lt  tl  \  to  j  as  billows, 

\.  Known  stink. 

)’i o.ii.dm  sunk. 

C.  Piubabh  damaged,  pnssihlx  sunk. 

1 1.  I*i « tl»,d»l\  damaged. 

I, \.  Fiohahlv  sliglujv  damaged. 

I*.  I iisullu  ierit  t'vidcincol  damage. 

No  damage. 

II.  I*i c  stint  ol  Mibmai  inc  unt  ertain. 

I.  i  .ngei  iiiiiii  ked' nol  a  stibmai  ine. 

\.  f  1 1  *>«  1 1  he  ic-i  i  (  ».\itlxntt-  to  assess. 

Assess] n ciyis  dl  this  Ivpi  llaw  a  iiiiiubcl  ol  limita¬ 
tions  as  a  measure  oi  die  suttcssol  diealtatk.  In  the 
Jit  si  plate,  their  is  often,  some  iint  ci  tainw  as  in 
wliediti  i lie  lat  gel  attacked  walk  was  a  submaiine. 

II  i  he  sill  ii  i  i;ii  inc  is  not  seen  at  anv  t  ime,  it  is  diflit  nil 
in  J esokc  lln’s  iiin l i  i.ijitix  tin  the  basis  ol  .son.ti data, 
and  111:111  v  aiiatks  must  c  oiwtpinidv  he  assessed  II. 

I  he  usual  solution  is  In  eliminaie  bom  anv  anahsis 
all  aiiat  ks  assessed  II.  I.  or  f.  I  his  is  In  ■  »<*  means  :* 
pei’fet  l  solution,  howcvci,  I r it  a  siihmai  ine  is  pmb 
ably  pi esen I  in  a  muMdet  able  number  of  II  attac  ks, 
Assessment  nl  damage  is  also  somewhat  uncertain 
since  debris  and  odier  visible  evidence  nuiv  not  in 
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anv  part  icidar  ease  give  a  very  at  curate  indirut  inn  ot 
die  actual  damage  inflitied  on  the  submarine.  For 


purposes 

ol  analysis  the  assessments 

gl  ollped 

in  die  following  calc 

Uoi  ics. 

Sunk 

A.  H 

Damaged 

c.  n,  F. 

l  H damaged 

!•'.  <; 

\onsuhmamie 

ii.  1. 1 

As  shown  in  Appendix  I.  the  total  number  of  A  and 
li  assessments  did  actually  correspond  t  lose  I  y  lo  die 
mial  oiieniv  submarine  losses  during  World  War  II. 

The  oilii  i  data  r  mircming  the  aitai  k  are  often  less 
reliable  than  die  assessment.  The  submarine's  be¬ 
havior  is  i  omplclek  unknown,  as  a  rule,  and  data 
bom  die  aiiat  king  ship  are  likek  to  be  undepend¬ 
able.  Ranges,  bearings,  and  times  are  recorded  in  the 
beat  oi  battle  or  later  Irom  memory,  and  in  either 
case  air  likek  to  be  inaccurate  (il  diev  are,  in  but, 
refolded  at  all).  For  this  reason  the  recorded  data 
<  annul  be  used  as  a  basis  for  a  reconstruction  of  the 
attack  with  am  high  hope's  oi  awuraev.  Even  in  prac* 
t  iie  aiiat  ks.  where  the  data  air  taken  more  carefully 
and  submaiine  maneuvers  are  known,  ii  is  almost 
impossible  to  < let ci  mine  within  a  reasonable  margin 
lot  ciroi  bow  (lose  die  barrage  tame  to  the  subma- 
i  ine  without  some  special  device  lor  doing  so.  The 
detailed  course,  ol  events  (lining  an  attack  on  anv 
ciieniv  Mibmai  i.m  tan  r;ut  i\  be  determined.  so  that 
oprialinna!  analysis  ionskis  of  evaluating  statisti- 
•  alls  the  Wire  I  ol  dilleieut  change^  in  c.ondil ions  or 
mclhods  til  aiiat  k  on  the  oviTall  silt  <  ess  as  embod icd 
m  ! be  int  idem  assessment.  kcMill.s  ol  ym.li  opeia 
tional  studies  tan  dien  be  eompawd  with  those  of 
dieoitiital  investigations  based  on  a  detailed  consid- 
ei  at  ion  ol  tlie  Ini  tots  inlitieiieing  pi  oba  bilii  y -of  sue- 
«esv  lu  older  io  chj  tin’s  the  unpoi  lam r  ol  some  ol 
these  lat  iol  s:Hmst  fu  st  be  indicated. 

"•2  theoretical  discussion  of 

FACTORS  DETERMINING  THE 
SUCCESS  OF  ATTACKS 

1  be  fat  Inis  cleleruiin iug  die  probability  ol  smtess 
in  an  attack  can  be  grouped  in  two  general  caie- 
gm  :es:  attack  errors  on  tin-  one  baud  and  weapon 
ledialilv  on  the  other.  The  first  problem  encountered 
in  examining  die  attack  errors  in  detail  is  die  esti¬ 
mation  ol  error*  invoked  in  Io<  nb/at ion.  Ranges  and 
heatings  on  the  submarine  are  obtained  bv  sonar. 
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which  is  subject  lo  certain  disi u ri>:i i :<  es  autl  liniila- 
lions.  In  the  Inst  place.  re  hoes  arc  obtained  not  only 
From  ilu*  submarine*  Inn  from  its  wake,  from  wiiicr 
disturbances  e:m:;ed  h\  prrviouslx  exploded  (  liai  ses, 
from  the  wakes  of  surface  vessels.  Iroin  the  ocean 
Hoot  (iti  .shallow  water),  and  ore  asinnailv  from  the 
.surface  ol  llie  water.  A  good  sonar  operator  is  not 
easilv  led  into  thinking  that  these  spin  ions  e<  hoes 
originate  Iroin  the  submarine  itself,  hut  a  is  in 
e\  it  a  hie  that  a  certain  anion  m  ol  error  and  ( on  fusion 
creeps  into  lange  and  healing  informal  ion.  In  addi¬ 
tion.  an  inexperienced  sonar  operator  max  easilx 
mistake  a  lalse  target  loi  the  Milmuuine  and  hence 
bring  about  an  attack  which  is  whollv  Imile.  An  in¬ 
die  :i i i< in  of  the  mipoitanec  ol  suc  h  mistakes  isgi\eli 
h\  I  able  I  wliiilt  shows  the  Ircuuencv  ol  units  in 
|»a<  lice  ahead-ihtowu  attac  ks  made  at  sea  on  "tame" 
submarines.  It  will  lie  noted  that  the  peiceiitage  ol 
attacks  on  lalse  targets  »s  < oitsidei able  e\ en  when  an 
actual  Mlbniat  itie  is  known  to  la*  in  the  immediate 
\  iciniiv. 
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heating  max  be  ill  I  endured  l>\  the  submarine's  \vak«\ 
as  an  example.  It  has  In  c  it  c  st  imated  that  die  ax  ri  age 
overall  healing  eirois  me  about  2  dc ‘glees  il  UDI 
dieill  iug  <  le\  iat  ion  indie  at oi  inxoh  ing  lobe  e  out  pari 
soil  lot  accurate  heatings)  is  used  and  I  degrees  and 
degt  ees  il  i  til-on  hearing  ptoerduies  are  used,  I  he 
I >k i  >i \  < ]»]{•  range  etiva  under  die  "..imr  ecm*!.?..;!..  I,,.-, 
been  lake'll  as  II  vd.  riie.se  estimates  include  a  not- 
nial  aniotini  ol  wake  echo  and  other  emus  usual  in 
sonar  opei  at  ion.  I  lie  sc  emu  s  ai  e.  ol  ujtiisr,  depend 
enl.  on  sonar  conditions  and  sea  state.  WIkii  sound 


conditions  are  had.  die  sonar  opera  lor  is  somewhat, 
mote  fiki-h  to  make  erroi.s.  Roll  and  pitch  of  the 
ship  in  high  seas  introduce  el  ror.s  lor  several  reasons. 
Present  sound  gear  is  not  stabilized,  so  that  violent, 
mil  and  pilch  introduce  errors  in  the  hearing  re 
eoidetl  and  also  make'  it  (liflicitli  for  the*  operator  to 
keep  the  projee  lor  trained  <»n  the  target.  In  addition, 
opfiatoi  elln  ien<  x  is  leduced  when  the  operator  is 
training  the  gear  with  one  hand,  holding  mi  to  the 
bulkhead  with  the-  odin .  and  cnuihati  ing  seasickness 
a  i  t  lie  same  I  i  me.  I  lie  importance  ol  sue  It  lac  I  or  s  <  an 
hai  d  lx  hr  del  et  milled  I  IlcO!  c  t  ic  a  I  lx .  I  mi  opei  alional 
data  on  the  met  all  ellcel  ol  these  variables  will  be 
pi  esc  nncl  in  a  la  |el  see  !  ion. 

One  ol  the  most  set  ions  limitations  on  sc  mat  in  lor- 
illation  is  dir  niininmni  ia.ugr  at  which  il  can  he-, 
obtained:  I  igme  I  illustiates  I  he  reasons'  lor  this 
min iiiiuni  lange  wit li  .'pi  esc  in  I  iiited  Stated  sonar. 
IVc  ai.a-  c  >1  tin-  limited  depi  ess  ion  angle  ol  the  sound 
beam  die  siiliinai  itie  can  pass  imdcr  it.  This  causes 
the  ship  to  c  undue  I  the  final  pal  I  ol  a  stern-dropped 
attack  after  contact  with  die  taigel  has  been  lost. 

I  able  -  gives  the  a\ei  age  i  auge  of  lost  c  onlact  in  at 
lacks  b\  1‘nileci  Si  ales  sm  fare  c  i  a't.  The  increase  of 
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;iwiai*e  inline  ivfhrts  tin-  inc  irasc  in  avc r;u>r  tlcpih  ol 
sMlmH  t  j*(.  nc v  cii  i  -boats  when  at  ia<  kcil. 

Tin*  maximum  sonar  niii^c  is  also  of  import. mu*, 
primal  il\  in  regaining  umi.ui  lor  repealed  aiiarks. 
II  ! hr  maximum  langc  is  less  ihan  about  a  i.iiousmul 
v  aids.  i hr  attack  is  made  <1  iii u  mi.  ! h  i  ;uisc  i hr  attack 
iiig' sil ip  (  annul  iii.u.cmci  Inch  and  remain  in  <on- 
Uni  with  tin*  submarine.  For  j»rrairi  ranges.  how- 
r\cr.  mas i i ii mi i  i  angr  has  lilt  Ii-  oil r<  l  on  the  ac  <  iliac  y 
ol  attack. 

Son  a  i  talipes  and  beatings,  sin!)  as  ilux  an-,  must 
be  used  in  endeaxot  ini*  in  place  I  lie  e  xplosives  so  that 
t Ilex  will  ai  i  ivc  a!  a  point  beneath  the  surlai  e  at  the 
same  l  imr  the  center  ol  t  in*  mi  I  mini  ine  an  ixes  at  I  lia  I 
point.  How  is  this  placement  to  lie  made,  and  how 
nun  h  in  ei  t  oi  will  it  he? 

I  he  most  impoliaut  hutoi  in  this  problem  is  the 
“blind  lime."  di  lined  as  the  time  elapsed  between 
leception  ol  die  last  iivlul  inloi  mat  ion  (oiutiuing 
tile  sulmi.il  ine’s  position  and  the  anb.al  ol  llu*  ex 
jilosives  at  the  predeterniiiu  <1  depth.  In  the  case  of 
ahead  lluowii  attacks  the  ballade  is  usiialh  liiecl  hr 
Ion  (ont.lci  is  lost .  makiiu»  t In  blind  i ijur  sijnplx  (he 
time  <»l  1 1  i  *_•  I  i  l  o|  tin  chaises  pills  tin  lime  recpiiied 
foj  tin  in  to  sink  to  tin  piopei,  depth.  I*tn  a  siein 
dtopped  an, irk  the  blind  time  is  usunllx  about  a 
mitiuU:  01  mole;  lor  an  aln-ad  ilno.wn.att.ic  k  it  max 
be  as  lilt  l(  as  1  »  see.  Sim  e  these  ale  long  enough  lot 
the  Mibmai  inv  lo  move  a  considerable  distance,  it  is 
necc  ssiirx  h»)  the  conning  olln  ei  on  /Jte  ant  isiibiua.* 
i  inc  sliip  to  <  si i male*  this  mo\ eiin  ut  and  allow  lor  it 
in  phic  in«  bis  ban  age.  ligmr  a  shows  the  Hac  ks  « >1 
ship  and  mi  I  »tn«i)  inc-  in  a  I  vpic  a  I  dept  I w  henge  attack, 
and  indicates  the  m  cessitx  lot;  taking  tin-  blind  time 
into  c onsidc'i atic/M.  Jn  this  c.ase  aO  seconds  e  lapse-  be¬ 
tween  loss  ol  contact  and  explosion  ol  the*  depth 
c  haises.  It  ivnrtessarx  loi  the  coll uing  oil u  el  to  track 
the;  tajget  bom  time  0  „ c  to  si  me  hi  see.  eK  icimim- 
its  rotiise  avid  speed,  e  ithe  r  implicith  or  explicitly, 
and  then,  on  the  basis  o|  this  inloi  mat  ion.  determine 
where  il  will  be  at  time  !J0  sec . 


J  im  it i  !t.  Plot  ul  lypical  jiiunk  (figures  <*iw  unit*  in 

,sr<  ondsi. 

In  earning  out  ail  attack  (lie  conning  officer  does 
not  know  llic  submarine's  mol  ion  beforeliand  but 
inusi  infer  ii  from  sonar  range  and  bearing  data. 
.Nonnallv  ibis  Hacking  is  done  implicitly  as  ranges 
are  (dolled  on  die  sound  range  recorder  in  such  a  way 
as  n>  allow  rapid  dclci  initiation  of  die  rale  of  change 
ol  lauge.  loom  this  iidonmtlion  die  recorder  com- 
pul.es  die  lime  lo  lire  I  lie  I  ;a  I  rage.  To  delermine  I  lie 
cociise  which  should  be  steered  in  order  lo  place  (he 
c  haigc-s  .ii  die  proper  point,  (he  conning  officer  ordi¬ 
nal  il\  ubscncs  the  rale  of  change  of  bearing  and 
applie  s  lead  angle  arc  circling  lo  simple  rules.  Krc- 
uuciilh.  howccri  ,  (hr  attac  k  is  carried  out  by  watch¬ 
ing  (lie  plol  ol  die  allack  I  uniislied  b\  I  lie:  anlisnb- 
mai  ine.  adac  k  plot  lei .  In  lliis  <  axe;  a  plot  cpiile  similar 
to  dial  ol  l  igiiic'  ii  is  piesenled.  The  conning  ollieer 
estimate*  die  geographic  apposition  of  die  sulmiartjie 
ai  explosion  lime  (!I0  see  in  Figure  :>)  and  steers  liis 
ship  ac  c  oi  ding  Is .  I  hi  <■  I  racking  is  c((i  i  l  c.es  plic.il , 

Now.  (ilcjrs  in  plac  ing  die  Ian  rage  of  explosives  i'll 
die  attack  lire  intimately  related  to  blind  time, 
method,  ol  Hacking,  aiid  sonar  errors,  figure  (i  is  a 
simplified  illustration  ol  litis  relationship.  Suppose 
we  have  tine  hed  die-  suhrnarincvti'cmi  point  4  to  point: 
/!,  at  wtiie  h  point  we  lose  contact  with  it.  Because  of 
the  sonar  errors  the  submarine  will  probably  lie 
within  a  distance  r  ol  point  Ii  at  the  time  of  lost  ron- 
tad,  where  r  is  the  probable  error1,  in  location.  Fur¬ 
thermore,  Ireclusc  of  these  sonar  errors  die  exact 

t*  I  hr  i  tiU’  ol  tom  hi  ini  lion  of  mors  used  in  equation  (!)  is 
consistent  with  tin-  noiin:il  uvt^e  of  i he  icrini  ptohahle  error, 
hut  l  and  7  :ue  not.  They  should  be  considered  as  illus- 

u. t lions  only,  not  exact  diagrams. 
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(  on i st*  .mtl  speed  ol  tlit.*  Milimm  inc  11  point  />’  ;u<*  not 
known.  Suppose  tlim  die  piolmlilc  emu  in  course 
estimation  is  io  ami  llie  piobalile  enoi  in  speed 
esi  imai  ion  is  /-\.  Now  suppose  1 1  in  I  we  esiimaie 
(•’  lo  lie  llie  point  ,ii  whit  Ii  llu*  siilmiaiiiie  and 
llie  ballast*  will  anise  siniubaneousls .  Ihal  is.  llu* 
point  ol  esplosion  ol  llu:  (luu"cs.  I  ben  tile  blind 
lime  I,  is  the  lime  leipiiied  ini  llu  submarine  lo 
1 1  as  el  a l  i l s  i,*si  inland  speed  bom  /»  lo  l>t*t  a».se  ol 
tile  emus  ins  ols  ed.  I  lie  stilmia  I  im*  is  mil  libels  in  In¬ 
al  point  C  nil  Ik*  lime  llu*  ill. nets  anise  dun*.  bill 
pi  ol ),i bis  ss  ill  lie  soi m  ss  In  n*  ss  ii  Inn  llie  si i  ul<  d  ali  a 
aionml  l..  I  lie  piobalile  emu  in  llie  .  *  id  (llie 
ispiial  disiallie  In-twcrll  llu  ii'iilel  ol  llu  li.uia”t* 
ami  i  hr*  irnler  ol  llie  sulunai  inr*  ai  llie  lime  ol  i  s 
plosion  i  ss  ill  I u*  a ppi  os imalel s  pi  oporji.  lin'd  lo  llu* 
soil  a  I  e  I  .mil  ol  I  lie  ,oea.  1 1  llie  blind  I  i  me  well*  !nl  lie  l 
so  llia.l  ii  ss.is  llie  rsl  im. ileil  piiinl  ol  i.*,N  plosion,  I  lie 
shaded  in  ell  ss  mild  lie  I  a  l :  *  e  l .  and  hem  i  Ylu*  pi  nliable 
el  mi  ol  llu  allaik  would  la*  l.u "<  I .  Ii  is  appan  ul 
1 1  mu  I*  in  sii>  1 1  dial  l  In  ana  ss  il  bin  ss  hit  It  llu*  mi  Inna  * 
line  I  its  is  appinNUu.il!  Is  plopi  ill  iona  1  lo  I  ile  si  j  uni  e 
ol  tin*  blind  lime  and.  ilu-ielnie,  dial  llu*  piobalile 
emu  in  ibealtaik  is  appin\iimu.cis  piopm  lional  in 
die  blind  i imc. 

In  l  iuiile  Ii.  hosseser,  we  bau*  assumed  llial  dm 
ills  llu*  blind  lime  die  submarine  uiainiaius  llie  same 
emirse  and  speed  ii  had  ai  poini  ii  Ss’here  cmilai  I  was 
Insi.  In  ibis  ease  llu*  el  im*  in  l  be  at  I  at  k  is  i  a  I  led  die 
appi  oacjl  emu  .  I'nlm  mnalels ,  sulunai  ines  tan  and 
do  t  haunt  i  bin  1 1  mi  si*  anil  speed  s  el  s  it  insult  laid  s , 
nivinji  list*  lo  an  esasimi  error  as  well,  lij^iiri:  7  is, 


I  ua  ki  7.  Atl.it  T  and  t-s atjtiii  t*i mis. 


i hei eforc,  a  mm  t*  icaltMit  pit  lure  of  die  area  within 
ss  h it  1 1  llu;  sulunai  i i it*  mas  lie  allei  a  blintl  lime  lc. 

I  Ids  aiea.  il  ssill  lit*  limed,  is  made  up  of  two  parts, 
one  of  whit  b  is  die  appioatli  area  of  Figure  Ii.  (lie 
ol  )u  r  an  es  asitui  area  tie  pent  Itn  l  on  die  ( urn  im.1;  circle 
ol  l  lie 'ill  lima  l  im  .  ils  at  1 1  let  aliou  «  and  l  lie  blind  lime 
/,.  1  bis  set  mid  aiea  measui  es  die  submarine's  is  as  is  c 
capabilities  and  im  leases  ill  si/e  applosiinatels*  as 
da*  t  iilie  ol  die  blind  linn*.  I  be  (oi  ii  I  shaded  area  in 
Finnic  7  I  C  j  >  1  (.sell  is  l  he  l  obi  I  pi  a  ii*  to  i  ol  ill  placing  die 
ballade.  II. llu  i hi et  smn 1 1  s  ol  error  art*  assumed  lo 
lie  i nt It *| it*i it l,t*n i .  die  clbtiisc  aiea  in  which  (lie  suli- 
inaiim*  inns  fje  is  ssi.il  leu  as  in  etpiaiioii  (Ip 

1  Ii,"  !.  (.7)-  i*  ;  (I) 

m;  du  assuinpiimi  dial  emus  in  esiimaiinn  sii.bnia* 
line  \  rim  its  ait*  pi.opm  lioual  lt,i  die  sclotilv.  .V 
nun  t*  t  mnplii  and  assumpliou  ss  on  Id  replat  e  die  Vs 
ki  in  ssidi  mini  posstis  ol  .*,  mu  preads 'alu*rin}i  die 
tlepeiuleUu*  of  /  mi  ,*.  1  In*  /,*' s  me  tmisiaill,  .,*  is  The* 
solimai  i in*  speed,  and  !  is  die  blintl  lime.  I  d  taltll- 
lale  llu*  s  allies  ol  I  Sit  l;\  I  mm  pbs  sit.al  characteristics 
ml  die  pt  ;u  width  is  used  is  an  insolved  process,  and 
ibeit  lort*  we  will  meiels  lonsidei  diem  as  empirical 
ctinslanis. 

Analysis  ol  e\p<*i  inieiilal  (lain  (ler  isetl  from  pi  nt  - 
litt  attacks  at  -st  a  and  mi  die  allatk  leat  liei  lias 
shown  dial  llu*  distribution  ol  a i  lac  k  errors  is  in  most 
i  uses  similar  lo  a  Gaussian  disti  ibul  ion.  For  purposes 
ol  t  ab  idalimi,  ihcrcfore.  il  is  )i  etpienl  Is  a'islliuctl 
1 1  ml  i  In*  a  llat  k  errdr  disli  iliin  ion  is,  in  lau,  Gaussian. 
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Kciuaiiou  (I)  imlicucs  iliai  tin*  < on cs|»( Hiding  prob- 
able  mni'  would  In-  given  l>\ 

A,-  I  K.j-0 •!)-  |  AV-(«*03  <-) 

where  /.'  i  ailial  | ) I  iiliabli;  ri  n u  < if  allat  L 

i -  '  suhm.ii  Inc  spc<  <1. 
t  blind  1 1 1 1 1 1 ■, 

A  | .  A  ..  A ;;  rm | ii i  ii  a  I  1 nnsumts. 

1. < { 1 1 .1 1  uni  (2|  1 1 m '•I  br  ( misic Iriril  as  ail  ippioxinrile 
expi  essiim  in  \v Ii  ii  Ii  die  (in  Ihc  iriils  \ar\  u  iilrb  ai 
i  lulling  in  i hr  rv asi\ i  a jia bilil  irs  i il  ihr  siibin.it  i nr 
anil  tin*  1 1  ;i «  U  i  1 1*4  i  ,i  1 1  a  1 1 1 1 1 1  is  id  ihr  am  isiihmai  inr 
shill.  I  hr  i  1 1 1 1  ><  >|  I  ,i  1 1 1  1 1<  i  i  1 1 1  is  ii  in  r  I  \  lli.il  llir  .ill.ick 
rl  mil  iin  I  rase  s  I  apidlv  v.  il  II  mil  Vasiliy  hi  i  in  I  t  inir,  so 
1 1  la  I  I  lie  i.  llir  I  pi  ohlriii  ill  II 1 1 J  >1  i>V  ill;;  llir  .-tin  I  hrurss 
nl  mil  isiihmai  inr  a  I  hu  k  is  I  ha  i  nl  i  rilm  ing  i  In.  blind 
l  i  me. 

I  hr  pr-ihahh  ci’n/r  i  drsi  i  ihrd  ahmr  is  a  Inn  i/rin- 
l.al  in  plan  nun  mils .  A  \ei  I  i<  :i  I  in  dr  pi  II  el  i  or  is  also 
pirsrnt  in  nmsl  .iil.uks  hriailsr  nl  uni  cl  l:i  ill!  \  as  In 
llir  depth  nl  I  hr  sii  liniai  inr.  Vrn  Iru  I  idled  Slalrs 
ships  have  hern  III  led  nidi  dr  pi  1,1 -dr  I  rl  milling  snnai . 
and  i  nnsequeni  Is  mm s  in  rslinial  inn  nl  depth  has  r 
hern  large,  A  lough  rsl  inialr  is  nil  rn  h\  I  hr  range  a  I 
which  mnlail  is  Insl.  Inn  il  is  nnl  al  all  reliable. 
Means  ol  red  in  inj;  l  In-  dr  pill  error  an.  I  herd ore.  « >1 
vrrv  great  impoi  lance. 

Having  (nnsidrrrd  ihr  sarions  snurirs  nl  aliark 
error,  we  nmsl  null  dilrruiini  vvlial  dnovriall  mag 
nitlidr  ill  ihr  mm  /  is  niidri  some  Apical  condi 
linns,  Il  is  nol  possible  In  drill  mine  a  Hack  rrrois 


h mu  np<i aiional  data,  since*  we  do  nol.  have  snlli- 
(iemls  drlailci!  dam  concerning'  allarks  on  enemy 
si i lunar i t irs.  'I 'here  is.  however,  a  fairly  considerable 
.minimi  of  ilaia  available  from  pracl  ire  iiilacks  where 
tiaoids  air  si dl 1 1  i i  i 1 1 1\  cotnplcic.  Tu'ij  sonic es  are 
as  a  i  la  I  dr  fine  consists  of  I  lie  runs  made  oil  l  he  attack 
iraihrr,  winch  is  a  mechanical  device  for  rcprodtic- 
i i |n  ihr  londilions  of  an  aliark  al  sea;  the  oilier,  of 
pi  ai  lice  attacks  made  ai  sea  against  friendly  suhma- 
i  it  ics.  Tahir  .‘i  presell  Is  represem  alive  dal  a  from  hoi  Ii 
sniii  i  rs.  In  all  l  lirsr  a  l  lac  ks  I  he  depth  ol  l  he  srihma- 
i  inr  was  knois  n,  so  dial  only  plan  ci  rol  s  are  involved. 

The  Ii i si  (omlnsinn  which  can  lie  drawn  from 
I  able  :i  is  dial  die  aliark  errors  increase  will)  in- 
i  leasing  siihmai  ine  speed,  other  lliings  being  ripial. 
I  1 1 is  is  shown  hs  comparison  of' examples  I,  2,  ,'i,  and 
I.  I  line  air  a  niniibri  ol  jrasoiKs  lor  Ibis  increase . 
I  hr  disiamr  liasrlrd  hs  llir  snlmiat  ine  in  die  blind 
l iinc  is  inc  i rased  hv  highci  speed,  vj  dial  l lie  shaded 
an  as  shown  in  I' jellies  li  and  7  are  larger  lor  higher 
speeds.  In  addition  ihr  avciagc  blind  linn:,  is  in- 
i  leased  lire anse  llir  ilia joi  ily  of  al l;n  ks  end  ivilh  llir 
siibmai  inr  liraci I i ig  ass  a  s  h  Oiii  I  lit? sh  ip.  in  whirl 1 1  ase 
high  submarine  speed  I'cMilis  in  a  loss  lal.e  of  rlosing 
llir  range.  I'inally.  allaik  on  a  ii igli-sprrd  submarine 
mas  inpiire  somrsslun  more  diHic  nil  maneuvering  by 
die  all.ai  king  ship. 

I'.xaniples  j  and  (i  sliosv  somewhat  greater  errors 
Ilian  do  examples  and  I  because  of  (he  submarine's 
evasive  niaiu  iners,  hut  die  dillcicncc  is  not  so  large 
as  mighl  he  expelled.  In  these  attacks  however,  (he 
nonesasise  atlai  ks  were  mixed  svilli  die  evasive  ones 
so  that  die  conning  ollucr  did  nnl  knois’  ahead  of 
lime  whether  llie  submarine  would  evade  or  not.  In 
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such  a  case  erroneous  in<l  teat  ions  oi  evasive  nianeu 
vers  are  hvqiieutly  acted  upon  and  t li<-  charges 
dropped  in  the  evasion  «ue:i  of  Figure  7  ralher  than 
ni  i he  appioach  aiea.  i  hus  an  evasive  eri'or  exis.s,  in 
oUeci.  wheiher  ihe  target  actually  evades  or  not,  as 
Jong  as  it  has  evasive  capabilities  which  (he  attacker 
thinks  it  might  use.  The  errors  given  in  examples  I 
to  titan,  however,  he  well  represented  by  an  equation 
of  the  same  type  as  (2),  namely.. 

E  -  VtilF  -»-  2  Mil*2  1  22 e:i. 

This  is  done  in  Figure*  8,  and  it  is  observed  that  the 
agreement  is  good. 

1*  samples  7  and  8  show  the  large  t  iled  ol  (mining 
on  the  ac(  m  at  \  of  attack.  Ihe  shoit  lost  tontad 
ranges  and  low  speed  involved  in  example  7  would 
lead  one  lo  pi  edict  an  enor  ol  about  7a  yd  on  the 
basis  of  the  curves  in  1'iguic  8.  I  In*  small  observed 
error,  “>f>  yd,  prnbaMv  indicates  exceptional!)  high 
skill  on  the  pail  of  this  AS  I  )rv  1  amt  team.  In  the  c  asc 
ol  example  8.  the  expec  led  eiror  would  he  a. bout  !  la 
yd  for  a  a-knot  submarine,  but  the  actual  pinbabJc 
erroi  was  I  70  ul.  I  his  cllet.l  might  be  <  spec  led.  situ  e 
crews  in  the  training  at  (!()!(. I, am  were  piobablv  a 
good  deal  less  skillful  than  the  \M)c  vl.ant  Hams, 
berausr  ol  less  training  and  expei  iem  r. 

Ol  panic  ular  iinpuiiamr  Js  the  figure  lor  ahead 
ihrovvn  attacks  h;j  example <).'! he  enor -given,  II  vd, 
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ki  X.  I'i<>h;ilik:  ,iU;i<.k  euois  i  I  .ibli’  't.  r\.iiii|jlt:s 
I  lo  li). 


is  less  than  that  Ini-  stern-dropped  a  (lacks  on  a  sta¬ 
tionary  submarine  in  example  I.  It  is  reasonable  to 
eonclude  dial  die  otois  involved  ace  those  oi'  locat¬ 
ing  die  submarine- -die  lenn  A.,  -and  dial  die  blind 
lime  Ini  these  ahead-thrown  attacks  is  .short  enough 
la-gels  u>  t-iiniinuie  submarine  el  usion  error  and  pre- 
di<  I  ion  error  (die  h'~  and  A  .,  terms). 

So  ninth  for  (in-  allatk  mors.  We  art  not  inter 
csted  in  diem  for  du-ii  -.inn  sake,  lint  only  for  their 
ci'ltcl  on  die  probability  of  success  ill  an  aliaek.  The 
next  step  is  to  delta  mine  die  probability  of  a  barrage 
(aunt  lied  in  tin  alia,  k  proving  lethal  lo  lilt:  subma¬ 
rine.  In  oi  del  to  tab  n  la  l  e  this  probability  of  lethality 
or  "diet  I iu  ness."  Iioili  die  attack  errors  and  die 
t  liai  at  ter  isn't  s  ol  I  he  barrage  itself  must  be  taken  into 
at  t  mull. 

"  --1  Weapon  Lethality 

I  lie  method  of  taking  the  characirristics  of  the 
ban  age  into  account  tan  best  be  made  dear  by  ail 
example.  Suppose  tve  are  dealing  M'illi  a  deplh- 
t  barge  banage  stub  as  the  one  slioivu  in  Figure  !). 
II  a  tit-pill  t  barge  explodes  immediately  alongside  of 
die  snbinai  ine,  it  will  undoubtedly  make  a  large  hole 
in  die  pressnit:  hull  and  alniosi  smell  sink  it.  If  the 
tit-pill  tli.-uge  is  mans  miles  assay,  ii  will  tanse  no 
damage.  1  lit  n  ansi  lion  bet  svci-n  1  lit  se  two  situations 
is  pi  filial  ils  a  giatlnal  one  with  a  t  onsitlerablt-  legion 
in  u  1 1 it  h  an  exploding  depth  (  barge  may  sometimes 
i  a  use  die  shhinai  in,-  eillu  i  lo  sink  oi  lo  surfurc  and 
mas  sonieiimes  lail  lo  tin  so,  de|ient ling  on  die 
stitngili  .ol  the  paiittular  submarine  and  on  the 
moiait-  ami  skill  ol  its  ertnv. 


DIRECTION  OF  MOTION  OF  SHIP 


l  jta  ki  !).  .Sesen-t litngt- (It'ijiti  cliaige  pant-rn  {lis|it>llit(ioil), 
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l-|f.i  Ki  I ti.  (.< >iii{).i i i'oii  ui  lrih.il  i.n!ii  <>|  I  iimma  2  .u)‘i 

I  \  I  (",{  i:i.  IMS  hull.. 


K.xpcl  inientai  (  sidcik  c  sujyjcsls  l Iki  1  l lie  pressure 
hull  will  he  split  il  the  i  'lunge  exp lodes  w i l hill  .1  ecr- 
!,l  111  l(i  III  I  I (U I  ills  (li  il .  I  III'  III  III  I  Kill  ills  depends  on 
1 .1  >.(  ■  Weight  1111(1  IV  j  Jl-  of  r\plosi\c  1111(1  (III  hull  lllilk 
ness.  Inn  iis  <  \;u  1  deli  1  miii.n inn  is  dilhcuh.  i  lie 
idcyl  method  ol  (Intel ) ti i  1 1  (« t i: >■  1  would  iir.ohe  .n  lual 
lests  against  curin'.  submarines,  hill  this  is  i.nrls 
possible  iilld  iilcisl  lesls  (lie  iliinle  on  models.  hr  1'ig- 
lire  It)  ( in  \r\  showing  I  lie  lei  lull  1  ndius  lm  I  \  I  in  11 1 
I  01 pr\  .is  n  1 11  Hi  1  ion  ol  <  h;i)  ”1  weigh!  .11  e  gi sen  1 01  .1 
- in.  II  1  S  hull. 

Allliongh  these  (i.nse.s  (annoi  lie  lakrn  :is- <•  i  \  ini> 
rx.'irt  Irllinl  I  angrs,  jl  is  lielii  s  <7.1 1  .dial  I  lies  gi\r  .1  good 
illdii  al  ion  ol  1  llec  I  iseness  agamsi  die  lipes  ol  side 
111. 11  i lies  entoiiii'icM  d  ill  VV01I1I  W.11  II  In  oidei  in 
sijnplii;  i ah  11  hilimis  ii  is  iisii.dls  .issiiinrd  dial  al! 
,■  (laic'  s  e\i)|i>diii!>  uiihiii  a  lived  leliiai  (01  siulai  ill;;) 
railljtis  i  a  use'  lei  ha!  (01  mii  lac  ing)  (I. image  and  dial  no 
olliers  ate  rllriiisr.  I'oi  an\  giirn  position  ol  an  ex¬ 
ploding  < I <" | > I i  1  (haigc  llieie  is.  (hell,  a  "commanded 
SI  dll  me''  uh  ii  1 1  has  tile  |  >1  o|iei  Is  dial  am  sul.iiiai  ine 
whose  (ell  I  cl  lies  in  I  hr<  omnia  tided  sol  mile  is  sunk, 
lull  am  01  In  1  siihmai  ine  is  uuallei  led. 

"  Calculation  of  IJarnigc  Lethality 

I  lie  (it  1 1 1(1 1  iiiclllod  ol  using  die  ( (uniiiailded  sol- 
nine  10  (iihulale  the  ellei  I iselless  oi  a  barrage  lol- 
loSi's.  liisl.  a  I  In  ee  iliilu  ilsioua  I  oullilie  ol  die  pics- 


sure  hid!  is  dtassn  around  cadi  ihalgr,  (entered  ai 
die  (barge's  explosion  poim  and  oriented  ai  the  ap- 
piopiiaie  target  angle  (lor  example.  I. at)  devices).  An 
enselope  is  (.Inns'll  around  these  0111  lines  so  that  il  is 
eseisuheie  2 1  Ii  I mm  diem  (for  lelhal  radius  of  21 
Ii).  I  lie  lesiilis  ol  this  ((instruction  are  shown  in 
!■  inure  I  I.  Now  if  die  (enter  of  die  submarine  lies 
svi I  hill  diese  (uuiinaiidrd  volumes.  of  !‘igu'.!-  !  !  1  <1 
svill  he  sunk.  1  lieielore  to  (Icier mine  dm  lethal  proli- 
ahiliis  ol  1  lie  bai  rage  il  is  only  necessary  to  del  run  ine 
llu  pioliahilil  y  dial  die  (enter  ol  tile  suhiliariue  w  ill 
lie  svitliin  the  (oumianded  volume.  'I  his  probability 
i-  (el  milk  il  In  (lie  disirihiition  ol  allaik  ."rrors, 
denoied  In  j icy ,  v.  :j.  deli  tied  so  that  j>(.\ ,  v,  \)dxdxd\ 
is  die  piobabilils  dial  the  (('liter  ol  the  sulimaiine 
will  he  in  position  lx.  v.  .)  relative  to  die  center  ol  die 
I  ki  1  ia<;e  at  the  1  iute  the  ( liaises  explode.  I  lie  pro  lia - 
hilits  /'  that  the  nailer  ol  the  submarine  will  lie  in 
die  tnuimand  sohnne  is 

.  I'.  J  J  J  I'lx.Y.'.)  dxdxil :  ( I) 

i '"min-jnnrfi  v-'Ximi- 

J  he  inlrt'lM! iun  iudi'iihd  in  «*( j i i;t  1  m >i  1  (I)  is  nrdi- 
n.iiih  c;in  ied  om  by  fti;tj>l>ital  nirihods.  working 
lnxi  with  the  pirui  etrois,  then  with  errors  in  dej >i It. 
SiiK  i *  i he  <  oiiiinanded  volume  varies  with  orientation 
!>!  J  Ik*  mi  bum  ine.  die  pint  ess  must.  lx*  con  icdout  lor. 
a  number  ol  Engel  angles  ih  order  in  obtain  all 
average  diet  I  hem  ss  lor  (he  bat)  age.  J  lie  overall 
torn  liision,  hov.w.  r.  is  obvious  /'iim  cases  with  in- 
r  i  ease  in  l  lie  h  mi  man  (led  volume  and  dec  leases  as  ( he 
a»  *;e  L  /•* »  ee  ^  increase. 

1  he  c  oimi landed  \ol  nine  depends,  ol  c  ourse.  on  ( he 
ivpr  o|  ordnam  e  emjdowd.  .Suppose  ihai  a  h;u  rage  ol 
(  oniai  l-iu/ed  (  halves,  rather  than  depth  (  halves,  had 
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hern  considered  in  t lie  above  discussion.  I  he*  com¬ 
ma  tided  volumes  of  Figure  I  I  would  then  consist  of 
(Winders  having  a  cross  sen  ion  approximately  ecpial 
to  that  of  the  submarine*  and.  extending  1mm  ilu 
arming  depth  down  to  the  lloor  of  the*  ocean.  In  this 
case  tile  commanded  ’volume  would  be  much  larger 
than  for  depth  charges.  If  depth  mors  are  large,  that 
is,  if  y>(.v.  v.  :)  has  an  appreciable  value  over  some 
two  or  three  hundred  !t  in  depth,  this  audit ion.d 
volume  would  result  in  a  larger  value  of  l>  a  more 
ellective  barrage  for  the  contact  charges.  II,  on  the 
other  hand,  the  depth  errors  were  limited  to  ‘it)  It  or 
.so,  the  greater  tone  run -at  ion  ol  the  depth-charge 
c  oinmanded  volume  within  t his  region  due  to  greater 
lethal  radius  will  cause  the  value  ol  l}  to  be  larger  lot 
the  depth-charge  <  asr  t  ban  lor  the  comae  t-c  liargc  bar¬ 
rage.  In  general,  depth  errors  are  verv  large  with 
present  l 'oiled  States  equipment  so  that  the  addi¬ 
tional  commanded  volume  o(  contact  cliaiges  has 
hern  a  point,  verv  much  in  their  lav  or.  like  cmiiaci 
charges,  proximiiv  charges  cover  a  wide  range  of 
depth,  f  heir  commanded  volumes  .;•»<■  (.Winders  ol 
cross  section  appioximaiciv  ccjnal  to  that  ol  a  depth 
charge.  I  liis  being  so.  ilie  ainoinu  ol  commanded 
volume  ol  pioximiiv  c  Inn  ges  h  ing  wit  bin  the  desiied 
depth  lange  is  alwavs  as  great  as.  m  grcatri  than, 
that  ol  depth  charges.  (Jiaigrs  equipped  with  ptox* 
imilv  fu/c  s  air,  i.ltrieloie.  is  ellective  as  simiiai 
charges  equipped  with  depth  pistols  when  depth 
c  i mis  air  small  and  manv  t  hues  mure  ei.ee  t ivv  when 
depth  ci  mi  s  at e  huge. 

'■  \  sli»lll  c  ol  1 1*<  cio'li  mue  tic-  III. H to  lo  1  ikr  .11 1  OIIIK  1*1  «  } I.f  I 
iti.il  ritlii  )  >i i l  ciknic  ing  Mou\  on  llir  \idi*s  ol  d»e  Vidmt.i i  itn*  .uni 
l.lii  In  r\|*|oi|c  oi  Ii I r  .uni  r\,.i.lf*dr  1 1 >  Mtliic  |i«*%itiuji  too  t.u  lioin 

the;  jiioMiir  Inill  lo  lie  Icllifd. 
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Figures  for  the  eflc  c  t  iveness  of  various  types  of 
barrage’s  are  presented  in  l  abh:  I.  The  theoretical 
advantage  of  ahead  ( brown  weapons  due  to  dec  leased 
blind  time  (and  greater  commanded  volume  for 
Hedgehog  and  Mousetrap)  is  clearly  shown.  At  his! 
thought  one  might  expect  the  Scjuid  to  be  much  less 
(•{fee  live  l ban  Hedgehog  bec  ause*  it  employs  depth 
charge’s  rather  than  eomacl  lu/ed  charges,  thereby 
commanding  a  much  smaller  volume.  Scpiid  is  used, 
however,  in  conjunction  with  depth-determining 
gear  which  lowers  the  probable  depth  error  to  a 
point  where  the  large  lethal  radius  of  die  .Scjuid 
largelv  makes  up  lor  the  I  ledgehog’s  ability  to  cover 
a  large  range  ol  depths.  In  addition,  the  higher  sink¬ 
ing  speed  ol  die  .Scjuicl  projectile  gives  a  somewhat 
shot  ter  blind  time.  For  very  deep  submarines  this 
become*  important  and  .Scjuid  is  considerably  the* 
mole  ellective  weapon,  ii  has  die  extra  advantage 
that  noideihal  barrages  may  still  bring  the  .subma¬ 
rine  to  the  surface  where  it  can  he  sunk  In  other 
weapons. 

1 1  **’""*  Calculation  of  Probability  of 
Success  per  Incident 

I  p  to  this  point  onlv  single  attacks  have  been  dis¬ 
cussed.  I'sually,  however.  ,m  action  against  a  sub* 
maiine  consists  ol  a  imnvhei  tji  attacks  which  arc* 
grouped  togeihei  as  an  inc  idem  lor  purposes  ol  as¬ 
sessment  (  idol  ( iinaic  I v  lor  i  lie  tint  isulmiai  itje  team, 
it  taiimM  alwavs  cleliua  as  main  attacks  as  it  mav 
wish.  In  the  lu  si  place,  c oiitac  I  is  usually  lost  for  the 
icason  il !  mi  i  a  let  1  in  figure  I.  Ooiuact  may  also  he 
lost  dm  ing  an  at  lac  k  as  a  tesii.lt  ol  water  disturbances 
ol  one  kind  o»  aituiher.  In  the  second  place,  there 
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ATTACKS  BY  SimiACi;  CRAFT 


is  never  a  100  per  lenl  pmbnbiliiy  of  regaining  roll 
(arl  once  ii  lias  been  lost.  1'lie  formation  of  wakes, 
knuckles,  anil  explosion  dislui  bailees  olieii  i.iini-s 
ioniai  l  lo  be  losl  permanently-  alier  a  sum!!  number 
nl  all  arks.  A  well  I  rained  Irani  working  ill  good  sonar 
eomlilions  will  nol  experieilee  great  ilillieuily  in  re- 
gaining  conlaii.  bnl  a  poor  learn  winking  under 
poor  com  1 1 1  ions  will  find  il  almost  impossible  loilo  so. 
I  'lie  I iieorei ieu I  prnhahilitv  ol  success  in  an  iucideiii 
is  1  bus  a  I'u ni  l  ion  iioi  h  ol  die  probabilil  y  ol  sot  <  ess  ill 
a  single  aitaik  and  of  die  probability  ui  regaining 
Ionian  alier  die  ailaek.  On  die  assimipl ion  dial  die 
prnbnbiliiv  ol  regaining  ioniail  alui  an  ailaek  is  a 
loiislanl.  independent  ol  die  ninnbci  ol  aliaiks  pie 
c  iouslv  made,  die  following  eipiaiion  <  an  be  wriili  n. 

/*,  /’,  I  0(1  /'„)  I  0'(l  - 

•  •  •  i-  0’"(  i  1’,)"  r„ 


wlieie  I',  -  plnb.i bilily  ol  Mil  <  ess  pel  im  ideill, 
/',  piobabiblv  ol  siu  i  ess  pel  alia<  k. 

I.  probabilil.v  of  regaining  (oniarl. 
u  —  toial  nuuibei  ol  ailai  ks  w  liieli  i  an 
lie  del iveieil  willuml  eshaiisling 
ordliani  e. 


( fperal  ioiial  da  I  a  indii  Hie  v  allies  ol  (',  v  ai  \  ing  b  om 
(I  .Vl  in  ().!)I),  depending  on  die  iimnlii  I  ol  ships  pies- 
en-l .  period  eimsideied.  anil  oilier  lailois.  .1  able  > 
pi  t  sent  s  some  l  v  pit  a  I  values. 
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Sime  lilt*  j>H)li.il)ilii\  ol  suuisv  |»cr  i n«  iclc*n :  is 
min  Ii  im|i|i»\(.<I  |y\  uii  inncaSc  in  |>in)»;ihilii  \  nl  i< 
Ji;iil|j||ir  (OlKiin..  Jill's  is  ii  sluing  HI  Rll  me  III.  Ini  I  Ilf  usr 
ol  ( ooifliiiiifcd  tj-nnijis  ol  sliijjs.'1 

•i  1 1|<  mil  /  |fi i  i.iiioii  ol  iIii'm;  Ii v i i i i  s  is  o|>m  i<»  muiic  hhcv 
lion.  Iiimrwr.  liei.iHM'  incidents  lute  iiOiuuih  l»**«,*i  Massed  .is 
tooi(!iii.ilcii  oiilv  u lu'H  srtn.il  ships  .niiialh  afi.ul.nl  l lit-  >nb 
in  ■*»»»«•.  *:•  v. hi;!:  -!?rj^  ni  ii-uii  Ji.iiio  i mi r  uiiiv  mu* 

u  lc.isl-il  ileplli  i  liai  <;<■■.  ale  i ml  lisil.itlv  i  ennlt-il  as  oiui iliualeil. 
lies  l\  |ji-  ul  w-letliuii  mlmiliiies  a  liras  smll  ilial  i  iinidiliateil 
Mu  irlellls  ill. i\  lie  i.li-ilileil  ivilli  values  ul  1.  .  .1 ...  I  ul  lelhalilvj 
vvliii  Ii  aie  lii’aliei  Ilian  iliuse  ailtiallv  ublanie.l  in  u|«-ialiuns. 


Although  ibis  discussion  lias  presented  In  no 
means  all  details  of  aitaik  lliroic,  die  main  ideas 
have  been  men l ioned.  Accnrclinglv.  ii  is  now  desir 
aide  lo  consider  operai ionai  data  which  c  an  beiom- 
parec!  with  tile  1  iieorei  Ii  a i  predictions. 


"■»  OPERATION  A  l ,  DATA  ON 

Ei-TECiTI  VENES.S  OF  ATTACKS 

1  lie  dala  availalde  -. oncei  u ing  attacks  on  enemy 
submarines  are  nol  sullic  irmly  complete  10  enable 
one  |e.  1  ccoilM  Vue !  tin  eh  i.tils  of  each  auack.  I- or  each 
incident  (which  111:1  v  involve  several  attacks)  certain 
basil  infoi  Hint  ion  tan  lie  obtained  as  lo  (lie  condi¬ 
tions  under  wliiili  attacks  were  made,  the  weapons 
used,  the  ships  involved,  and  die  result  ing  success  its 
expressed  in  the  assessment  of  the  attack."  Most 
analvses  of  operational  data  therefore  consist  ol 
breakdowns  lo  deter ■mine  die  effect  of  changes  in 
die  conditions  or  nature  of  attack  on  the  success  as 
evidenced  by  the  assessment.  Sonic:  figures  of  this 
ivpc  will  now  be  presented  Which  arc  typical  of  die 
ifvults  obtained  from  opet  alien  nil  data. 


Factors  Influencing  Attack  Errors 


\s  was  pointed  on  I  in  die  previous  section,  I  wo 
overall  factors  deletmine  die  probability  ol  .success 
in  an  nuli\idiin;.ti  inn  attack:  die:  attack  errors  and  the 
Weapon  ell  1 1 1  i  vet  less.  ( hie  oi  die  \  aria  hies  which  is  ol 
iiiipotianie  in  delemiitiing  accutacy  is  the  state  ol 
llii  oiean  with  1  c-spcc  l  to  sound  iraiismissjon.  II 
sound  i  01  ii lii  ions  at  e  had.  I  lie;  ov  ei  all,  cilec  l  i  v  c  ne  ss  ol 
die  ships  will  be  lediued.  Data  are  preset!  ini.  in 
I  able  II  which  show  dial  si  I  c  1 1  is  indeed  die  case.1 
!  hi  ve  liguies.  ii  should  be  noted,  ale  given  on  a  "pel 
iuiidcni"  basis.  1  lie  ellec  liveuess  ol  an  inCicleiil  de 
pends  both  tiii  the  probability  ol  success  in  a  single 


baiiage  and  on  dig  ncunbei  of  bat  rages'  dial  can 


(hopped  in  an  incident  belote  cb.ntacl  is  losl, 


'  I  Jiiifii**  llif  ttmixt;  ol  Mf.ilc!  W’.ii  II.  |  liis  .isyssnuvil  u,i\ 
bast'd  mi  visible  c\ iilciirr  "f  damage.  Miivivnis  Itom  the  I  -UmL 
il  .iii\  .  :iihI  vnj>jn*i  ( ini;  iiilrjl^rm  r.  All  fi die  C .  «.’l  man  ski  mu  In. 
ImueVei  i  aplmcd  i lo«  liiiicnis  have  bet  nine  available  to  supple 
incut  this  iuiiu  niaiimi .  ,in<l  assessmnils  haw  been  irvised.  I  he 
data  jnesenud  line  ;iH‘  based  mi  the  callin'  uailiirit  assess- 
iiicdIs.  See  the  .\j»|.entlis  and  (.li.iiifn  x  b >•  ft::!!::-;  dis.  a^-iiin 
ol  l  bis  tjliesl  ion. 

1  I  he  livaji's  viviit  .cit  bn  !  niieiS  States  ailatks  fi(»rn  [nh 
MMb  M.i  juh  MH.'I  assessed  A  lo  (.,  !oi  Khirb  l lie  inloimalimi 
im  ess. i  is  to  ext  i  if  tale  si  mm  I  i  midi  I  ions  1 1  oiii  oi  e.'iiioi^i  ajih  ie  inn 
side! aliuiis  na\  i»lve:i. 
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OI’ NATIONAL  DATA  ON  i;F Fl.CTIVf.N  I  '.vS  OF  ATTACKS 
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i  \i»i  i  u.  Klin  i  ui  siiii.it  lO'iUiluHss  on  .tH.uk  eUeiiiVcncss. 
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Through  ulr  combination  ui  d»c.se  films,  good 
sound  conditions  lead  in  a  larger  It  m  l  inn  ol  sub¬ 
marines  damaged  or  sunk  pci  submarine  ciKoim 
ic rnl. 

A  no  i  hri  stunt  c  ol  rn  or  and  dillu  u  In  in  lot  a  li/ 11114 
1  lie*  submarine  with  sonai  is  1  f »i*  loll  and  pilch  ol  the 
ship,  Present  sound  ptojeriois  are  no!  stabilized,  so 
1  hat  if  tin  ship  mils  and  pilches  violcndv.  iheoptr- 
a  lor  has  d  if  lie  ully  in  keeping  1  he  projec  lor  pn  in  let  I  ai 
the  target.  Much  inhn inalion  is  lost  in  this  manner, 
and.  Im  diet  more,  rarlter  set  ions  erioi s  may  he  unietl 
in  die  hearings  il  dies  ate  taken  ai  one  ot  die  ollie) 
extreme  ol  the  ship  s  * < >1 !.  In  addition,  general  opr!  - 
aioi  filiciency  isieducecl  ttmlei  sue  h  t  ondit ions.  !  he 
liguirs  given  in  I  able  7  show  dial  mu  h  an  ellct  l  ap 
paic  nlh  lietomes  important  in  seas  t  hissed  as  rough 
nr  higlirt .  (  I  he.  nmnhci  s;nr  ion  small  m  giv c  definite 
piooi.l  Moderate  se  as  show'  no  delete)  inn*  c  If  1 «  1 . 
howev  el ,  pt  Wsihlv  l>e<  a  use  sn  modi  .seas  at  e  I  ike!\  lo  he 
accompanied  hv  dieimal  giadictiis  ami  layning 
which  cause  pom  sound  llansmission. 


I  \ r. I  1  7.  I  II i-t  I  ul  st  .1  sl.ili:  dll  .1H.11  I  1  Ih.i.tio  ijtss 
l  .s  .a ui ks  1 1  uni  Juts  i'M-  Jills  I'M;;  1 
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I  he  attack  cl  lots  depend  on  mans  things  besides 
o« ranogi aphic  tondilions.  1  lie  type  ol  ship  and 
Si.niml  gr«u  involved  in  die  attack  have  a  gnat  deal 
10  do  wiili  il,  as  thi  die  t Aperient  e  and  skill  0 (  the  a.i 
lac  In  is,  die  ilepdi,  speed,  and  evasive  maueuvt  is  ol 
du*  submarine.  C.ont.ei  ning  t  lie  I  1st  we  have  no  mlo> 
niai ion  since  vvt  do  not  know  wh.n  die  enemv  sub- 
mai  ine  leallv  did  in  any  ol  die  ailat  ks.  I  lie  ly  pe  ol 
sound  gear  involved  is  unclmil nodly  ol  impntiante. 
Inn  Cniied  Slates  expel  ietice  involved  only  one  gen 


ei  id  tv  pc  ol  sonai  gear.  1‘vcii  variations  snrh  as  use  of 
HI)I  would  no(  be  expected  to  result  in  a  major  in¬ 
crease  m  ellec  isvesiess  such  as  would  be  dearly  evi¬ 
dent  in  operational  data.  A  considerable  number  of 
Japanese  attacks  were,  however,  made  using  listening 
gear  only.  Comparison  ol  ihcir  effectiveness  a.s  esti¬ 
mated  It  oin  1 1  idled  Stales  submarine  experience  wit  It 
dial  of  et  ho-ranging  aua<  ks  is  made  in  Table  8.  The 
diilereme  between  attacks  of  I  he  two  tv  pcs  is  very 
striking  anti  must  be  largely  due  to  the  superior 
accuracy  ol  r<  ho-ranging  gear.  The  difference  be¬ 
tween  I  nitetl  Stales  and  Japanese  echo-ranging  at- 
lac  ks  js  piobably  largely  due  to  diflerences  in  skill  of 
pei son  1  id  involved,  though  I’nited  States  gear  was 
undoubtedly  the  belter  of  die  l wo. 

I  vio  j  !S.  Illtrii  wiie^s  nt  listening  and  echo- lunging 
ail.u  ks. 


No  st’i  ions 

damage 

(pci  1  rut) 


Major 
damage 
1  j»tar  t  cut) 


Sulmini  inis 
sunk 
(per  cent) 


J.:j;  isttas  ks  on  !’.  V  Mill* 
( Julv  I.  I!li:t  Man  I)  71 1 , 


MM  Ij 

I  iNlrning  <ld 

lilioi. mging  *7 

l  .  S.  ai lar  ks  on  ( '  hi  in  is 
uviiu*  1 -1  h<>  1. ingit)” 

tan  s’, 

Mill  <»*, 
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ig 
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I  In  1  fieri  ol  11  .lining  and  e\p<  1  icntr  on  tin  par! 
ol  the  attack  haul  is  one  whit  h  was  ol  exiieiiie  p)  at  - 
1  ha  I  importance  in  the  battle  ol  die  Atlantic.  Per 
haps  tin  best  example  ol  iinplovcmenl  (Villi  experi¬ 
ence  is  a. sc!  ol  figures  on  die  success  »-‘j  i  ietlgeliog  at 
taf  ks  coin  price  I  by  1  he  l»;  ilisfi.  I  he  (lata  ill  e  given  ill 
ligme  I  L.  ibe  l  ise  horn  an  eller l  iv eiiess  of  7.7  per 
ten)  pt  1  aitac  k  in  Jb  1:5  to  over  LM  pci  mitiii  laic  I!)  I  I 
and  lb>)7  must  I j’(*  asciibed  laigelv  lo  (raining,  since 
1  In  1  e  Was  no  1  ad’ic  a  I  c  hat.ige  in  1  he  l  v  pe  ol  sound  gear 
used,  mu  in  1  he  riieniv  \  e\  axivc  lac  lie  s.  The  v  allies  in 
l  igme  IL'  are  given  on  a  pn  attack  basis.*  unlike 
those  in  I  abh.s  (i  and  7.  whit h  are  oh  a  per  incident 
basis.  ( .onset  pie  11 1  ly ,  a  nv  <  hanges  in  (he  number  of  at  - 
hie  ks  made  pel  incident  should  not  allctt  these 
values.  1  he  individual  attacks  made  were  undoubt¬ 
edly  uioic  accurate  in  die  recent  periods  than  they 


"  In  the  uimIvm\  .itl.uk,  !hoii”lu  to  have  turn  made  on  the 
I  tioal  **  u.ike  01  made  ,'iflci  a  kill  Ii.mI  nlrcnth  liri/n  aisiiicd  ait* 
noi  nun*!:-.!  Hence  the  figme^  an*  a  t.iiilv  piire  measine  of 
weapon  ellct  livenexs. 


cn.\lll)i:\ TIAI. 


were  when  lilt  weapon  was  new  and  news  iiu  \pcii- 
riKccl  in  its  usr. 

I(  is  evident  ihal  the  points  plotted  in  l  imine  lli 
indit  alt-  a  ns.!.*  ki  d  re.;*  olicct  iscncss  to  a.  value  r*| 
about  ^ll-SO  pci  cent.  in  ;h  (  mtSaiu e  with  die  ihcoiri- 
ital  liguirs  in  fable  I.  In  1  lie  Insi  months  ol  Hedge* 
hog  use,  its  lcsuhs  writ*  \rt.\  disappointing,  since 
rallies!  dicoirihal  pit.dit  lions  woe  mole  opt  imist  u 
i  him  la*  pei  t  nn.  \ii<T  die  w«  ipuii  had  bten  ill  usr 
Ini'  a  \rai  oi  mi.  hours  ei,  u  was  use* I  iniu.li  mole 
rllrctisrix,  and  ihcmeiii  al  sludies  won-  made  some 
s\  Ital  nmi  (' <  onsi  i \al  i.vc  as  .i  irstili  ol  a  heilei  unde) 
standing  ol  die  )  >i  ol  >  I : -f  i  is  ii»\ <  >l\ «  d.  so  dial  dir  I  h<  f  > 
lethal  piedit  lions  and  die  results  nnu  at; let,:. 

{‘lie  ellen  nl  expeiieme  and  tiaining  iini  also  he 
illusi i :i|ed  h\  die  i esn lls  nl,jiain.ed  In  lulled  Stale  s 
< inis  in  depdi  <  liaise  allai  ks  dm  mg  dir  ra>  l\  seal  s 
u|  die  war.  I'igtnr  I'*;  shows  I  wo  nn\n  an  c  II  rr  i  i  \ 
lit  ss  pel  t  haigr  anti  .ail  e.|je<  l’  i  \  eiiesS  p<]  in.ideni  I  he 
iiu  lease  in  piobahilus  nl  sin  l  ess  pt  i  incident  is  oh 
\  intis]  v  gt<j«Mri  than  die  imtease  pel  tlrplli  (Inline 
chopped.  I  In  lailei  measures  die  iiKirav.  in  attack 
accinacs.  wiiriras  d  u  ■  <  »\  <1  ;t  1 1  hgui  <■  a.  No  depends  on 
die  niiiiibei  nf  <  barges  dmpped  pel  ituideiil.  In  fig- 
me  l.'ili  the  1 1  lent  el  i<  a!  ellet  I  i\enevj  pel  depdi 
( liaise  is  given  Ini  < onipai  isnii  with  tesulls  achieved. 
In  die  tin  l\  pel  h  id  i  hei  e  was  a  (  niisidel  able  disfirp- 
in  i<  \ .  hnl  tile  agl  eeineiil  hciiiine  laiils  grind  in  latci 
pei  rods,  j  iie  e\en  more  abrupt  l  ist*  in  iigtue  K>.\ 
indie  iiies  iliiM  I iii ger  banages,  greater  sk  ill  in  irgain 
ing  (oiiiiu  r,  and  mole  he<|ueiii  c  om  dincKed  attacks 
t on L)  ihitled  a  gical  deal  In  increase  die  overall  ellet- 
I  i\ mess  < j!  iiu  idfiits. 
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THEOR 

Table  4 

ETICAL  VALUE 

,  FROM 

0  1942  1943  1944 

I  m.«  ki  l.'».  Sin  ( ess  ol  l  .  s.  r lt  | > l  J i  ( Ii;nj>r  attacks. 

M1'  Coinpai  alive  i  veil  css 
of Weapons 

V'»  unit'll  Ini  die  inlluelite  nl  hit  Inis  having  j.n  tin 
with  at  lac  k  a<  rm  a<  \  .1  he  weapon  used  is  also  of  im- 
pniiaiKe.  and  opef at  iniiii  I  da  I  a  tan  he  u.sed  In  show 
die  illative  merits  nl  dilleirni  tvprs  ol.  ordnance. 
I  h<v  most  widespread  innovation  in  die  course  of 
World  Wai  li  was  t  lie  im  induct  ion  of  Hedgehog.  A 
torn  pat  isoii  between  figmes  12  and  1  j  suggests  dial 
operational  dala  do  hear  oul  the  theoretical  value  of 
I  lie  Hedgehog  attack.  A  diret  L  comparison  is  pi  t  - 
seilited  in  I  able  U.  There  is  a  irasnitijL*  factor  whihit 
iiitisst  he  kepi  in  mind.  Dm  im*  iiu*  early  periods 
Hedgehog  was  not  used  in  such  a  way  as  to  reali/e  its 
lull  ellcciivcness. 


CO.NTIDKVriAI. 


OPERATIONAL  DATA  ON  EFFECT!  VEIN  ESS  OF  ATTACKS 


I  in  i-  it.  O>ni|>.ilison  ol  Hedj»elui“,  depth  th;nj*r.  and 
Squid,  iOn  a  pei  band"/  hasivM 

Nation  Drill  li 

IVi  ind  :ilil\  t  lunge  Hetli*elm(*  Ss|ii  i<t 

1st  hail  I D  ! A  Mulish  i'  (> 

!iii< I  hall  111  13  lltUisli  SO*,. 

1st  halt  Mill  Mi  iiisli  ti.  lr; 

2nd  half  ID 14  hi'itish  VI**', 

?m  quarter 

111  15  Klilish  7* 

.\UK  19111-  Ail 

June  19 1  i  A  llird;  I 

Mar  191 1 

Mav  IlM.i  I  S.  I. A»*4 

*  A*.  mentioned  in  Sriiit»n  Iti'nish  studies  ilisonl  ;<ii;i<k'>  ii'K 

though  i  in  Ik*  ]mr«  nti.ilh  rlleum*  anil  thetHnic  •« i\«.*  hi-piei 
than  those  based  on  all  .tif.uks  mt lulling  some  «n  wakes.  bubbles-.  fit. 

+  Hast'd  on  oiil\  i him-  itr<  ulmt-s  in  wliitli  1 1 •  t i**-l i » ijf  uas  im'il  Ioi  at 
least  mic  ait<n  k. 

In  evaluating  die  depth  charge  versus  Hedgehog 
rompai  ison,  it  must  lie  kept  in  mind  that  I  ledge-hug 
attac  ks  mas.  on  the  whole,  have  been  made  In  lieltei- 
tt -lined  ships,  in  oellei  sound  eoneliiious,  of  on  shal¬ 
lower  stibinai  itirs,  sime  Hedgehog  is  not  to  he  used 
tinder  imlavorable  tontliiions.  In  the  figures  < (iiotc-d 
lot  August  llll-  In  June  IIHI,  howcv el .  tilth  depth- 
charge  attacks  made  in  incidents  which  involved 
I  ledge-bog  ate  c  oimiccl. 

lit  1 1 n.-sc ■  eases  the  same  ships  ate  involved  lor  holli 
weapons  and  t  he  genet -a  I  c  oni,lirions  ol  ati.it  k  .tie  t  he 
same.  I  lie  stipcriot'itv  ol  Hedge  hog  is  again  demon 
slraled,  so  that  it  mav  he  t onelticled  tli.it  the  stipe ai 
ol  its  is  itilic-i c-ii I  in  the-  we  apon. 

I  lie  ligmes  on  Sepiiel  stleicss  ate  based  on  a  vets 
small  itumhil  oi  attacks  and  ran  not  lie-  e  onsiclriod 
eeiile  I ttsiv <*.  I  hev  aty],  howe  ver,  e  ve  n  hetlrf  than  the 
theoretical  pjtcdie  lioiis.  a.s cspicssed  in ‘I  ahle  I.  toll- 
III  tiling  die-  high  e-el(!|  tiveitess  expected  ol  Sepiiel. 

As  an  oveiall  eoi’iUltsion  on  the  tejalionship  be- 
l  ween  dicoiet  ie  al  altel  opet  ationai  values  lot  the 
telle;  liveness  of  vatious  Ivpcs  ol  otiluauee-,  one  can 
say  that  ! henry  gives  a  cured  pi;  jure  ol  the  re  lative 
merits  cd  the  various  types  and  that  it  also  gives  a 
leasonahly  ate  urate  pklmc  ol  the  it  absolute  values. 
Ill  oil  let  words,  theol  e-l  ii  a  I  St  in  lies  j  noi  ide  ;i  l»;*t  ;s  h.-f 

evaluating  the  state  ol  naming  ol  antisubmarine- 
v  essels  lev  furnishing  a  standard  to  he  reached,  ami 
also  indicate  the  ciiice  tion  fen  most  profitable  (level 
opt  net  it  ol  ant  1st  t  lunar  i  lie  ot  dltane  c. 
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NUMBER  OF  ATTACKS 

1-n.i  Ki  I  I.  Siieee-ss  etf  iiie  iele-nis  as  a  function  of  nitmlK-r 
ol  at  ten  ks  t  (  .  S.  e  i  a  1 1 ,  j  an  tea  i  v  t  g  1 1  I-e-linuuy  Mil  I). 

It  has  been  implied  throughout,  that  the  proha- 
hiliiv  ol  success  in  an  incident  is  strongly  inllucneed 
h\  the  number  ol  attacks  made:  the  more  an  arks,  the 
greater  the  (bailees  ol  sinking  a  submarine.  Opera¬ 
tional  results  prove  that  this  is  indeed  the  ease,  f  ig¬ 
ure  I  I  shows  the  relationship  between  success  and 
numbered  attacks.  It  is  evident  that  the  percentage 
o!  damaging  ine  ielents  increases  steadily  as  the  num¬ 
ber  of  attacks  pet  incident  increases,  torrespotuling 
to  about  a  pel  cent  damaged  in  eae.h  attac  k,  which 
is  in  ae coi  (lane  c  with  espee  lalions.  I  he  percentage 
ol  lethal  incidents  also  t  iscs.  a  hu  t  ol  considerable 
importance.  It  might  hecxpeeleel  that  thc-tucrc  e-xisl- 
eiut-  ol  a  Ion i lit  attack,  lot  example,  would  mean 
that  the  pi ev  ions  three  had  not  liee.n  le  lh.'il,  iintl  the- 
liaetion  id  submarines  sunk  in  eases  when-  loiir.ni- 
talks  were  ina'tle  would  simply  measure  the  prf'bfl. 

I  Mill  111.  (  «  nil  I  lillil  ltd  U-lNli-  i»l<|rj  i'Udfks. 
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biliiv  of  sinking  in  the  bun  lb  attack.  figure  I •!,  in 
diratcs,  howevei.  that  lethal  damage  mav  accuniu- 
laie  as  a  result  oi  a  succession  ol  alt.u  ks.  When  a  num¬ 
ber  of  niUt  ks  ban'  been  ensile,  i !u:  nr\ i  is  more  bkci\ 
in  prove  lethal  than  it  would  otherwise.  rigme  I  I 
does  more  than  eonliim  the  impoiiauce  ol  persist' 
•nee  whirls  was  demonstrated  by  filiation  (a).  I  bis 
couation  was  based  on  ihe  assumption  ibai  each  at- 
iaek  had  a  lisril  (  hancr oi  success,  whereas  the  upci.i- 
lional  results  surest  strong!)  that  the  thnme  gets 
better  with  each  succeeding  attack.  It  may  be  con 
rludetl  that  regaining  contact  for  persistent  and  re- 
peated  at  lac  ks  is  of  tile  lit  most  import  a  nee. 

Kiiiplonueul  oJ  several  ships  in  coordinated  hunt 
does  nit  ic  1 1  m  assure  that  contact,  will  lie  irgained  a 
large  number  ol  times,  as  shown  in  1  aide  :*».  Corns 
poudingh,  cooi dinaled  incidents  have  a  high  ptoba- 
bilitv  of  success.  Some  tvpic.ai  comparisons  between 


iiulependent  and  coordinated  incidents  arc-  given  in 
Table  10,  I  he  coot  dinaled  incidents  are  consistently 
at  least  two  or  three  times  as  eMeciivc  as  the  inde¬ 
pendent  .h 

I  he  overall  conclusions  concern  ins*-  ant  {.submarine 
at  lac  ks  ate  simple.  k or good  elicc  tiveness  three  things 
are  required:  (!)  good  anaek  accuracy  through 
proper  design  of  sound  gear  and  ordnance  and  nam¬ 
ing  of  personnel.  C-)  grind  weapon  elfei liveness 
iltiottgh  a  large!  lomiuanded  volume,  and  (.Sj  per¬ 
sistent  and  repeated  attacks  with  good  ability  to  bold 
and  regis us  coniac  t. 

•>  Ihi-tcik-ci  iiM\  !’<■  Miini-u leu  esnj^er. Hed  J>\  itie  method  of 
iioijuiai iug  c ooi 1 1 ui.il Cil  incidents.  II  itvci  ships  make  attacks  a 
lew  horns  a|>;n i  ore  vvliaf  w.is  jimhahh  the  same  suhniaiine,  the 
.ic  lions  invoked  will  he  likelv  lo  tie  considered  ;>  single  fooidi- 
luilcd  imidrni  it  damage  is  clone*.  I  no  independent  incidents  it 
i time*  is  no  damage. 


(;0\HI)K\ TiAI. 


Chapter  12 

ATTACKS  BY  AIRCRAFT 


GENERAL  STATEMENT 
OK  PROBLEM 

f"| *M 1 1  (iiM.RAi  1 1 1 !- < > R \  ol  iiimaii  attacks  can  in*  ap 
X  pmar -lu'il  al<MiS»‘  tlu'  lines  used  in  intisicliTing 
Mil' I  ace  era  1 1  attacks.  Alth<m<;h  llie  details  of  [lie  uvu 
Mlbjivls  viint'i'  u'ide]\,  m.iiiV  ui  llic  b.isir  l  lieorel  ii  a  I 
ideas  de\elo}>ed  in  llie  pits  ions  c  liapie;  are  applic¬ 
able  in  llie  preseni  mie,  l,’m  I  Ihm  more,  die  general 
l\p<*  e»f  opi-rationai  (lain  available  arid  die  s\siem 
used  in  assessini*  attacks  ale  die  same.  As  he! ore.  we 
shall  lirsl  j»ivea  bril  l  oveiall  de.se  ripdon  of  die  prob¬ 
lem  and  diet*  pioteed  lo  deiaiieci  considerations.  In 
boili  cases,  a  prioii  and  a  posietiori  aspetis  will  be 
irealed. 

Airerall  are»reallv  superior  10  sin  face  nail  in  lo 
i  a  1 ;  i!^  submai  lues  tin  die  surbu  e.  bui  dun  eileciivc- 
nes'i  loj  unde;  waier  s«  ai  <  h  and  ii  .u  kin**  is  vei  \  lim¬ 
ited. As  a  lestdl.  aimali  aie  piimarih  ol  value  in 
aiiackini;  suhmai  inrs  sighted  on  the  sin  I. hi  Mam 
attacks  will  aUiiallv  be  drliveied  while  ibe  subnia 
line  is  still  In  IK  .01  pai  th  sin  laced,  but  die  japidiiv 
w  id]  wide  h  a  submarine  <  an  c  1  ash  dive  as  die  air c  1  alt 
c  loses  h'Ji  aflat  k  means  dial  atlac  ks  shm  il\  idler  sub 
mei»eii<.e.  fiuisi  also  lit  «  ot.isidv  1 1  ( I.’* 

VV lu  ll  .m  a  in  rah  has  jnadi  1  •  imi.h  i  u  ill)  a  sin  I a<  ed 
siibu’iai  ine  (eii  he]  vivimllv  <n  bv  indan,  it.  must  nest 
i’ei  itiMra  fa  volatile  positibn  to  jiiakcau  aitac  l« .  Sim  e 
th,e  lai v.t;*r  is  small.  it  ivu«  cess  11  v  to  «et  down  to  a  low 
ajiiii  ude’  loi  'maximum  accm.uv.  llie  fcu&M  will, 
however,  usuallv  sitbim  ij»r  on  .k-hi  im;  die  ain  rah  in 
o)  del  to  e  sc  ape' atlac  k.  and  tluieioi.e  die  appioath 
imisi  be  .nadc  in  sue  b  a  wav  as  10  obtain  die  nia\i 
ilium  element  ol  stnpiisi  and  limit,  as  much  as  pus 
sible.  die  dc'jpe-e  to  vvbieli.  llie  subm;uiue  ojn  sub 
rjiei^e  prior  to  aback.  Dm  in*;  die  appioaih  die 
Com  se  and  speed  ol  tlU;  suhm.n  ioc  mils!  be-  <  si  imatee] 
s' n  dun  allowance  tan  be  made  Kn  iai^et  11101  ion. 
V\  lic.ii  the  pioper  position  has  been  leached,  the  air* 
t-lalt  re  lea  sc, *s  its  weapons.  I  lit-se  jnav  be  «.:i  d  u.*r 

Sit  t .)  1 ,1 1 1 1  <  ’  1  I ;}  1  ti|  a  1 11  ill  it)  <Iim  nssion  ;il  (Ills  |i<iint. 

•■I  m’  of  Sc  Imm  1  liei  li\  ihr  <nl11u.11  jn«- uill,  of  ccnijse,  ”ic.i  I  Ia 
ri-duir  lli*1  *>e,:n c  hint*  dice  livniiss  nl  ilir  .liiCMl.t  It'll  will  nol 
cliati^c  (he  hnsif  iilt.nl.  |t|'ol>lciil  cscepl  U»  the  cMcnl  lli.H  ii 
iit<  ji  ;c;<  s  ihc  irvei.c^c  ilc^icc*  of  suimici *‘<•111  e  of  su Ihii.ii ine-% 
when  iilliu  keel. 


Inaui  I.  Ain  1  :il ulcpi  attack. 


i  n,  ki  t  s  or  bombs.  As  in  the  ihm-  o!  smlaec  ciafi  ai 
lacks.  I  In*  problem  is  lo  release  1  Ik:  weapons  so  dial 
1  lies  will  naiii  a  poim  hcucalli  llie  surface  ai  (lie 
same  1  i  I  in-  I  lie  submarine  reaches  I  hat  point.  (See  Fie- 
mi  I.)  Kmina  knowledge  ol  die  c  liaraelei  islics  oT  llie 
weapons  anil  e.l  llie  position  ol  (lie  submarine  at.  lire 
lime  ol  allack.  ii  is  possible  lo  (lelennine  where  the 
weapons  .should  sirike  llie  waier  lo  lie  cHcc'live.  The 
pi  oiiaiiilil  y  ol  siu  c  ess  will  I  hen  depend  on  die  aei  ti¬ 
me  v  will)  which  llie  corieil  lai.net  position  is  esii- 
maled.  on  the  emus  made  in  placing  die  weapons  in 
llie  dished  posilioli.  an  I  on  .'lie  /e(h,ili(\  ol.  llie 
weapons  use  cl. 

I  lie  abuse  laclois  will  he  loirsideiccl  in  deinii  ill 
l  iu  ha  la  iic  i  ol  i  lii.s  <  haplcr.  Me  si  la  1 1  In  si  i>  i\c  a  l  heo 
n a  i'  id  disc  nssion  and  lollow  with  a  c  onsideraiion  ol 
oj u  i ;n ic.inal  1 1 'std l s.  Since  ilcplh  homlis  base  so  lar 
brill  llie  pi  mini  s’  ain  rail  weapon  a<>ajns'l  ihrsilb- 
>  u.'ii  inc.  opi;i  a  lie  ina  I  i  vpri  jeue  e  is  niosl  cxlriisisc  foi 
ibis  ivc, ippn.  Certain  ol her'  phases  ol opeialionai  re- 
snlls  i  .limn!  Ik-  disi  nssed  al  liiis  lime  befall  sc  iiialdv 
i  lassi  lice  I  inronnaliou.is  iniolscd.  I  Ictiee  imicli  ol  ihc 
lollowin^  dci.'iiled  disc  nssion  will  lie  conliiual  lo  llie 
ilcplh  bomb  and  il  should  lie  considered  as  an  r\ 
ample  ol  meiliodscil  iwalualon  nil  her, Hum.  as  a  coiii- 
piele  esiiiriinalion  ol  llie  snhji-ii  of  aimall  allack 
weapons  and  lac  t  ii  s. 

THEORETICAL  DISCUSSION  OE 

EACTORS  DETERMINING  THE 
SUCCESS  OE  ATTACKS 

I  he  lac  icjrs  de'lci  mining  llie  proliabiliiv  ol  success 
in  an  aim  all  allack  can  he  $>ionpetI  in  (lie  same  I  wo 
Ken  era!  caleeoiies  as  were  involved  in  siuiace  nan 
ai  lacks:  allack  cirois  and  weapon  leilialily.  Allack 
ei  i  i ms,  iii  uini,  may  lie  subdivided  as  follows. 
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1.  Knots  in  estimating  submarine  position. 

2.  terrors  caused  b\  variation  in  1 1 ic*  behavior  nl 
i 1 1  < i i \  i ( 1 1 1 ; 1 1  missiles. 

a.  Aiming  <-i  i 

,--i  Attack  Errors 

II  weapons  arc  released  while  l lie  submarine  is  si  ill 
visible,  errors  in  estimating  target  position  will  be* 
resit  it  ted  to  misestimates  of  taigrl  motion  Iroui  the 
time  «>f  release  to  the  lime  ol  impact  or  explosion 
(the  ’’blind  time”).''  For  rockets  such  movement  ol 
the  submarine  is  so  small  that  no  allowance  is  ordi¬ 
narily  made  for  it.  For  depth  bombs,  tin-  time  horn 
release  lo  explosion  will  be  on  liter  order  of  a  sec  or 
so,  depending  on  exac ;  c  mid  it  ions  nl  aii.a<  k.  in  whit  h 
time*  a  submarine  can  navel  onk  abntii  one  hail  its 
length.  It  is  faith  cas\  lo  make  allowance  lor  such 
change's  in  tatget  position  and  errois  will  In;  neg¬ 
ligible. 

()n  the  other  hand,  if  the  suhtnai  inc  submerges 
(oinpieleiv  beiote  , mac  k,  then-  is  a  longet  blind  time 
and  the  uncei  laituv  of  submarine  position  will  jn- 
c  lease  with  inn  ease  in  this  blind  i  it  tie.  in  i  be  manner 
disc  nssed  in  (.baptei  II.  I  he  elite  L  ol  a  long  blind 
lime  will  be  <  speualh  set  ions  in  a  in  i  a  1 1,  at  lac  ks  sine  e 
I  he  I  e  is  no  inlmiiialion  as  to  ilic  laiget’s  com  sc  and 
speed  exc  c,pt  v  istial  est  i mki i  ion.  and  the  ban  age  whit  li 
can  he  dinpped  hv  aimalt  is  loo  small  to  cove  ?  jadi- 


l-K.i  in.  Sul oi ia lim*  evasion  aie.i  as  a  flint  lion  of  lime. 


*'  Blind  time  has  been  defined  in  Chapter  1 1. 


V  AIRCRAFT 

ta!  change's  ol  speed  and  course  on  submerging.  T  he 
expansion  ol  the  possible  area  in  which  the  subma¬ 
rines  may  he  at  the  end  ol  a  given  tnttnher  of  seconds 
alter  su  bmcrgence  is  shown  in  Figure  2.  I  his  is  based 
on  tile  t  in  ning  c  haraeterist  it s  ol  t  be  aOO-ton  German 
T  boat  and  assumes  that  speed  mav  varv  Irotn  3  to  7 
knots  It  will  be  not  it  cal  that  the  possible  area  re¬ 
mains  very  small  lo)  the  first  la  sec  or  so  and  then 
inc  'eases  rapidlv  until,  at  the  end  of  I  minute.  it  is 
about  270.000  st|  It . 

I  lum  the  allow;  discussion,  it  is  evident  that  attack 
mors  due  to  misesi imat ion  ol  target  position  in¬ 
crease  mi  rapidly  with  time*  alter  submergence  that 
die  probabiliiv  of  success  cjuickly  approaches  zero. 
For  Glass  A  attacks,  which  arc  defined  as  those  made 
on  visible  submarines  or  on  submarines  submerged 
less  than  15  see.  the  submarine's  position  is  cjuiie 
well  known.  For  ( ilass  B  attacks,  which  are  attacks  on 
submarines  submerged  between  15  and  30  sec,  the 
submarine’s  position  has  become  uncertain.  For  at¬ 
tacks  made  still  later,  the  probable  error  in  estimat¬ 
ing  submarine  position  lias  become  cxtromelv  large?, 
A  priori,  therefore,  we  would  expect  a  much  greater 
degree  of  success  in  Class  A  attacks  than,  in  others, 

I  he  probabiliiv  diminishing  rapidly  for  Glass  B  and 
In  lit  at  tac  ks.  An  ac  <  male.  (|  nan  I  it  at  ive  a  priori  rvalii- 
aiimi  is  not  available,  Imt  one  based  on  operational 
t  xpetienie  will  be  given  later  to  bear  out  the  above 
cjualitative  com  fusion. 

The  ob\  ions  mm  hod  of  techie  mg  errors  of  the  type 
just  disc  nssed  is  lo  » educ e  bli/ul  lime.  tha„l  is.  to  inake 
as  maiiv  aline  ks  as  possihle  on  v  isible  submarines  or. 
at  least,  on  those  witJiin  the  Glass  A  category.  It  is 
ihrlrfoie  unpoilanl  to  employ  tactics  designed  to 
achieve  t  lie  gi  eat  est  a  mom  it  ol  surprise  in  the  attack. 
Some  of  the.  factors'  involved  are.  speed  of,  aircraft, 
(outlet  pa  Mol  alt  it  tide,  approach  Iruin  cloiicl  cover, 
use  i;tI  canioullage  to  avoid  visual  detection  ol  air- 
ct  ali  i  and  use  ol  <  ouniei  iiieasntes  lo  search  receivers 
to  a.vloid  detection  ol  taclar  emissions. 11  ft  is  also  ad¬ 
vantageous  to  make:  attacks  in  locations  where  sub¬ 
marines  arc  less  alert,  that  is.  to  surprise  them  in 
areas  where  aircralt  attack  is  not  expected.  In  addi¬ 
tion  to  such  measures,  the  number  of  favorable  at¬ 
tacks  can  be  increased  by  avoiding  attacks  which  in¬ 
volve  too  great  a  blind  time  and  which  therefore 
have  a  negligible  probabiliiv  of  success  so  that  time 
and  weapons  mas  be  conserved  lot  possible  future 

ll  .Sec  Chapter  1 1. 
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opportunities  against  (Hass  A  I  at  gets.  I  be  effect  ol 
all  such  measures  in  iiu  teasing  the  propouion  ol 
Class  A  attacks  is  somewhat  diilicuh  to  evaluate  a 
priori,  but  we  shall  show  later,  from  operational  ex- 
peneiu i lu-  overall  improvement  which  resulted 
liom  emphasis  on  the  importance  ol  picnnpt  attacks 
involving  ( |i<*  maximum  element  of  sin  prise. 

The  m  ■o»inl  c  lass  ol  aline  k  errors  mentioned  above 
involved  those  due  to  variation  in  the  behavior  ol 
individual  missiles,  in  aiming  a  given  weapon,  it  is 
neie.ssatv  to  assume  a  certain  behavior  alter  it  leaves 
i  hr  a  in  rah.  Variations  horn  tins  norma1  will,  of 
eoitrse,  occur.  Depth  bombs,  for  example,  will  vaiv 
in  i heir  lull  through  air  and  in  i lie  it  underwater 
travel.  I  lure  will  also  be  a  satiation  in  the  depth  at 
which  they  explode.  Simil.it  b,  tuckets  will  varv  in 
flight  path  and  in  nuclei  water trajec  ton.  Such  devia¬ 
tion  will,  ol  course,  decrease  the  accuracy  of  ihc  at- 
tack.  Knurs  of  this  i\pe  c.ni  onlv  be  1  educed  bv  im¬ 
proved  design  of  weapons.  Extensive  piaclical  tests 
and  analyses  ol  opeiatioual  results  will  oheu  ptove 
ol  value  in  detei  uiin  ine  die  ••Hoc  livenex.so!  Impinved 

As  an  il  lush  at  ion  ol  the  si/e  ol  etioisul  (lit-  tvpe 
just  disc  ussed,  the*  following  estimates  lor  depth  and 
(  on  lac  i  bombs  ate  cpioled  in  I  able  I . 

1  via  i  1.  Y.ii  t.iii«ui  nl  m<in  iftii.i}  nii"it(-s.' 
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( .onsidel  at  ions  ol  ungei  position  and  weapon 
c  ham<  let  isi i<  s  chiri  mine  the  point  on  the  wain  ai 
whit  li  the  Weapons  must  sli  i.kt  to  be  el  let  I  ive.  It  mis 
in  placing  I  hem  in  the  desiied  podt  ion  Mtav  be  <  a  I  led 
aiming  cilois.  i  1 1 is  is  the  third  subdiv  ision  ol  atiat  k 
errors  mentioned  above.  Aiming  el  rots  are  coin- 
uioiilv  measin  ed  wit  It  rel.ii  ten  ic>  die  airc  raft's  course. 
Kirovs  along  its  course  ate  called  range  eiiois,  while 
•  hose  pet  pendicuiar  to  its  course  arc  called  line 
el  rot  s. 

bine  enoi.s  an-  caused  by  laihue  of  (he  pilot  to  fix 
in  a  straight  line  directly  over  the  aim  point.,  while 


i  augc  errors  ate*  due  to  release*  of  bombs  at  I  lu-  wrong 
moment,  ot .  in  the  case  of  rockets,  to  improper  all  i- 
Hide  of  tile  plane  at  the  moment  of  firing.  The  si/e 
ol  these  errors  will  depend  on  tile  tondilions  of  at 
tac  k,  on  the  skill  oi  the  pilot  and  bombardier,  and  on 
the  ate  urac.v  ol  the  bomb  or  roc  ket  sight  used. 

As  an  example  ol  aiming  errors  and  methods  of 
reducing  them,  consider  the  problem  of  delivering; 
an  attac  k  with  depth  bombs.  Tlu*  pilot  Hies  as  nearly 
as  possible1  straight  across  the  aim  point  and  dins 
controls  the  line  error.  1  lie  problem  as  far  as  range 
is  c one erned  is,  then,  to  determine  (he:  proper  mo¬ 
ment  lor  release  of  the  bombs,  lor  a  horizontal  at¬ 
tack.  i he  geometry  oi  the  situation  is  simple.  In  Fig¬ 
ure  .*»,  /’  tepiescnts  the  position  ol  the  plane'  at 
moment  ol  ir lease  ol  the  c  enter  bomb  of  the  slit. k.  .  / 
teplcsents  aim  point.  A  h  abitude,  r  slant  range,  and 
/  hoi  i/oma I  i  ange  {in  leef).  I  he  angle  <r  is  the  angle 
bet  ween  the  line  /J  /  and  the  hoi  i/ontal.  Then.  disre- 
gaiding  air  lesistance,  die  center  bomb  will  travel 
loiuaid  a  diAlance  g  It.  where  /’  is  plane 

veluciiv  in  I  eel  pel  second,  I  lenc/c  e  on  e<  t  release  wi 1 1 
o*  <  ui  whn i  /  f\  2/t  g  yr  i  .  V  d"  l2.fr  g  oi 

when  n  lias  the  value  detn  mined  by  die  t clat  iotiship 
lun  n  h  /.  I  h  in  e  the  aiming  problem  in  range 
i  .in  be  solved  lot  a  giv<.!i-«u-|i  it  mlid,v  selc  c  t  iug  either 
i|u  |a opei  slant  taiige.  hoi  i/om  a  I  range,  or  angle 
betwc  cn  the  hoi  i/ofital  and  line  Iroin  aii'c  rail  n,»  aim 
point,  ( \e  ol  i  is  indicated  lot  uidai  hoinhstglti s 
sun  <*  slant  iai.ig.efan  be  drtci  mined  by  ratlatj.  I  sc  of 
the  angle  a  is  involved  in  using  die  relief  for  gun- 
siglii  which  enables  clctei  minaiion  ol  ibis  a,iiglc.  In 
addition  to  the  above  means  it  is  possible  to  utilize 
the  late  at  ivliic  li  the  angle  rr  is  c  banging,  as  is  done 
in  the  angular  vc  loc  itv  liombsiglu.  Whe  reas  oilier 
methods  ate  sensitive  to  cornel  clelenninal  ion  of 
speed  and  altitude  this  latter  me  thod  is  relative! v  in 
sensitive.'  to  ei  tors  in  smli  lac  toi  s. 

1  he1  aircraft  will  not  iiecexsarih  make  a  level  ap 
(>roac  h  to  the1  l  at  get.  t  )u  sight  it  ig  die  subinai  iue  tile 
plane  will  normally  be  at  a  rather  high  search  alii 
Hide-  and  must  lose  altitude  to  make  the  aUatk. 
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llcncc  it  is  often  milurnl  for  the  pl;me  lo  mukc  1 1 u- 
bombing  run  while  Mill  in  ;i  glide.  In  ;i  glide  ;m  t<k 
the  formulas  for  determining  release  point  are  some¬ 
what  more  complex  than  in  horizontal  bombing,  hut 
similar  methods  of  control  I  ini*  rattle  mot's  can  be 
used.  There  is  also  du  possi  hi  lit  \  oi  using  t  he  plane's 
inniion  m  pulling  out  ol  a  glide  to  lelewse  the  bombs, 
a  method  known  as  mss  hom hint;. 

( innmmnh  used  (hiring  the  recent  wat,  because  u| 
the  lack  ol  suitable  bnmbsights.  was  tiie  so  called 
seaman's  e\e  method  ol  lioi n I >in<*.  I  his  him  it  ap¬ 
plied  lo  bombing  wiihoul  a  sight  in  whit  It  the  pilot 
tcleases  bombs  at  the  propet  moment  h\  instiini 
gained  o\et  long  pet  iods  ol  pi  act  ice. 

Aiming  n  mi  s,  lot  a  given  met  hod  ol  aiming.  will 
\ai\  wideK  with  muIi  lac  tots  as  ivpeol  aimalt.  de 
glee  ol  haining  and  individual  nhilitv  ol  pilots  and 
bombardiers,  c  mid  it  ions  ol  attack,  etc.  It  is  not  pos¬ 
sible.  theteloir,  to  cjuoie  battles  ol  pellet  a  I  applica- 
bililv.  I  lit1  pc  rloimann-  ol  ,c  tvpie.d  I  1-iT  sejuadnm 
tiaiued  in  glide  bom  bine  at  ASUesl.anl  gives  an  in- 
tiic  at  ion  oi  the  older  ol  magnitude  ol  sm  h  c-ihms  in 
Naming  and  ol  the  eilec  t  ol  piacliee  in  ledming 
i lie  in. 

I)ut  in;;  a  ,‘>ueek  period,  each  pilot  m.ide  .ihoni 
|II0  pi a<  tier-  aiiack.son  a  lowed  t  at  gel.  using  a  glide 
angle- ol  about  T»  degtec  s  and  aiming  b\  ten  ails  ol  a 
i  eilec  ten  sight.  I  lie  mean  point  «>l.  i  i  npar  t  .JA  i  IM  j  lot 
all  attacks  was  u'l  It  ene-i  in  taiige  and  it  -tight  in 
line,,  i ’tollable .  i  n « it  a  bout  i  he  M  1*1  w  as  SI  M  t.  i  1 1  j  a  i  ige 
and  .‘lit  It  in  line.- 

Dmilig  the  a  week  |»r)i<>d  the  \l|'l  in  tatige  de- 
stin.M-ii  liom  ahc.ni  1;»*>  h  to  It.  I  he  MI’I  in  line 
die  I  he.M  itnplei\e.  I  he  pi  o  b,i  bit  e  1 1  oi  a  holt  I  the  Ml.*  I 
decreased  It  out  ‘.i&'lt  lo  in  It  in  taiige  and  liom 
It  to 'J*>  It  in  line.  Ji  is  <-\  ide  ni .  t In  i e  loi e-.  i  hat  haul 
mg  hmughl  the  MJM  ellrctivch  on  die  nuget  and 
tedhee-d  elisprtsion  aboin  1  he"  large  I  >et\  ne>l  ic  e  abb  . 

I ii.tpi o\ emciil  was  still  couummig  aim  I  HO  ptaetiei 
at  lae  ks  pel  pi  lot . 

diet  tile-  -i  Week  ll, lining  pel  ioei  ill  glide  bombing 
the  sejiiadion  spent  a  week  in  hot  i/onia!  bombing  b\ 
se-ani.ili  s  e\e.  I  lie  MlJl  wiis.il  ll  o\ei  in  range  and  I 
It  i  iglil  in  line,  w  ith  ptubable  e  itors  about  the  A)  I'd 

..It  s{}ii;i;i|  J.J-  V-i;!..!  j ;  j , 

a  1 1”  It-  I  x -|  w  e  i  *i  t  ..in  i  .i  1 1  cut  1 1  sc*  .mil  Iji^cI  com  sc*.  tin-  MIM  c\.is 
mi  i.ii r«-(  In.  1 1 .1!  aU.ic  l.s  .on I  let  in  gn  it  i ighi  Ini  Ik-.hii  ji i,t<  ks. 
.lonnling  In  u  Ik  I Ik  i  ,i}i|>iimiIi  tv. is  linni  pm  l  oi  \l.illin.ini. 
I’mli.ilile  i-|jci|  .i  I  mu  I  llicMI'l  U’.lv  a  llOll  t  ]'>llfn|  1 1  ,u  k  .tU.it  I  s 
.met  |0  It  Ini  ! )<-.■  in  ti (I ,i e  ks. 


nl  lili  Ii  in  range  a‘id  M  ll  in  line.  Since  iliese  results 
'.cerc  ohm  hied  alter  the  extensive  practice  in  glide- 
bombing,  a  direct  <  nmpai  ison  of  overall  results  by 
tin-  Mm  bombing  methods  is  nut  fair,  but  il  can  be 
judged  lli.il  ranee  errors  in  liori/ontai  bombing  were 
about  lit)  per  <eni  greater  than  in  glide  bombing 
wiiiie  line  errors  were  oniv  about  half  as  great.. 

I  lie  inipi  oveme  in  possible  bv  use  of  ail  accurate 
sight  is  suggested  try  (tie  fact  lieu  u-sts  at  ASDevI.anl 
wiili  ilu-  liAki.  (angular  vclorilv)  sight  showed  a 
probable  error  ol  onlv  Hi  ll  ill  range,  ll  was  (mind 
that  wry  iinle  iraining  was  mpiired.  Similar  ini- 
pimemein  in  rocket  arciuacv  bv  use  ol  proper  sights 
is  mdiiuied  In  ASDevLanl  tests.  Using  die  reflector 
sight  with  pi  esi  t  ilx-d  sighting  allowance,  mean  devia¬ 
tion  id  about  It)  mils  ill  range  was  achieved  lav  the 
hesi  1 1  a  i  nei  I  si  pi  ad;  mis.  I  he  RASP  (automatic  vector) 
siglu  gn •, e  S  mils,  and  loss-i o<  kcl  ing,  (>.:i  mils. 

( )pn al imial  eiiiiis  iisiudlv  proved  considcrablv' 
gieatei  than  tliosi- ubiaiiicd  in  plan  tin-  a iiac  ks.  These 
will  lie  discussed  in  the  next  sei  linn. 

Hu-  i Hi  i  I  ol  the  three  ivpes  of  errors  dismissed 
above  on  the  six  (ess  of  an  attack  call  only  he  deter¬ 
mined  In  considering  sue  It  crrnis'in  connection  with 
the  leihaliiv  nl  a  given  vveapon.  Wo  shall  ihelelme 
next  disc  uss  weapon  lethality  and  then  illustrate  the 
i  <  ii  ii  Idiia  t  ioi  i  of  1 1  Mac  k  errors  and  weapon  let  ha  lit  v  in 
di  let  mining  a  pi  im  i  pi  ■  il ■:< la i lit  ies  ol  sue  cess. 

-  Weapon  Lethality 

I  nun  ;»g<  iiei.il  pniiil  c>T\  icw.  I  he;  (  one  of 'com-, 
m.inde-d  \  oimne  <  live  ussccl  under  sii'i  l:icit  ft  ;ift,  a(t;ie  kjj 
is  ;ippbe';i)>h-  le»  ;iiiij;ilt  Jill.Ucks.  Ie>r  c\;unp|e*.  ii  nj 
siitk  « if  de  pi  Ii  bomb's  is  (hopped.  c;k  h  honvh  will! 
h.i\e-  iuoimel  it  ;i  c  onuiiuiidi  <1  v  olmiK'  e  onsti  ue  led  bv‘ 
the-  im  lluiel  ]  n  cv  ie)ig,l  \  gi\cn.  I  I  ic  -pruhahilil  .of ’stun 
(ess  wifi  hcglwn  h-\  (•(  j  m'Uioii  (Ij. 

/'  j  J  J  Y- z/Vf/vc/i,  (i)- 

C'KIIllM.milr  •!  \)  |l|i|i«-  , 

vv  lic  it  tin  him  lion  f>(\ is  i  lui  prohahilii  {  dial  die 
lenti  l  ol  die  submarine  isal  uosilimi  .v,v,i  and  isile 
lei  mined  In  the  tiiituk  ertors.  The  proljilliility  of  a 
hit  on  the  pi  ess  ni hull  by  a  •■alvo  of  ro:  ki  f-,  could  ln- 
siuiit.ulv  ileieriit i uei ! :  in  this  case  die  (omrnandeil 
volume  ol  each  loiki.-t  would  be  (he  solid  geiietaled 
by  moving  along  the  unde!  water  trajectory  of  the 
ioi  ki  i  an  an  a  evjual  to  tlu: cross  section  jnesented  by 
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the  pressure  hull  lor  the  i*ivcn  ;m»lc  ol  attack/  (Seer 
Fiji* life  I.) 

Because  ol  the  elled  ol  Blind  lime  on  I  mm  hi  hr 
rM'ois,  howcvei.  aim  all  attacks  miisi  he  made  on 
surfaced  or  math  Mirhued  submarines  in  Be*  sue  c*ev.x* 
fid.  li  is  comenieiu.  therefoie.  to  eliminate  MiBma 
line  depth  as  a  \ai  fable  in  (he  problem  and  in  make 
probability  ( ;d<  ida i  ions  on  die  Basis  ol  an  assumed 
depth  or  a  small  iaii«c  ol  cejually  probable  depths. 
Shis  enables  us  in  icplace  die  concept  ol  com¬ 
manded  volume  In  one  of  Iriliaj  a.iea. 

I'll  is  method  ma\  Be  illnsnaird  'm  »  onsidei  in»  an 
attack  ami  i  list  a  f-cititaii  ‘’■OO- ton  l  ’  be».u  l>\  an  aii- 
c  i  a  1 1  (hopping  a  slick  ol  depth  homln  ol  the  is  j  n 
Used  in  Woi  Id  Wat’  II.  lor  siuli  attacks,  a  fixed 
depth  si -i i in«»  ol  L,’>  li  was  ultimate  lv  aelopied.  I  his 
is  .ippl  n\ im.il  r|\  mill'll  lot  the  avelai*c  (lass  \ 
si 1 1 )in,n  m<.  it  \\(  MJii.-.nlri  ail  depllts  uf  die  piessuie 
|.l nil’s  ecnlt‘1  belueeijl  * i I  ..  It  (h»|  sinlaetel  I  Boats) 
and  10  ll  e  lot  !L  boats  dow  u  !  i  •»«  e  ,  a-»  »  c  j 1 1 a  1  f  \  likilv. 
sine  e  f  I.C;>I  1 1 1  IS  y.J  lot  2.’i  ll  aelii.dlv  exploded  siinc 
whal  i lei  pel .  w-e.  shall  asinine  an  efbelivi  depth  m  i 
lino  ol  ;J()  fa  (ui  odi  illiisi taiioii  i  I  his  is  pxiBaBK 
.about  eoiiec  l  lot  (he  Best  .('nhecl  States  In/e  d«  \el 
oped  in  World.  War  I  In 

(  a>l'|sjdel  ill*.’..  llfi  lt.  otilv  ( .lass  \  at  lac  ks  made  wit  li 
ihis  f  lh  cdve  depdi  seiriii'*  and  a^ninin^  all  d< pths 
Between  hi  ll  and  10  It  as  ecpiallv  lik«  Is.  die  lethal 
aiea  t)i;»v  Be  detetmined  as  fi»||e»\\s.  I  he  avciage  dis 
luiiee-  Bom  die  ee-ntei  ol  the  piessme  hull  nieasmecl 
jin  fht'flii  ulm  lo  die  suhniai  ini  s  keel  widiin  vvliielt 
a  dejitli  BoniB  miisi  explode  to  In-  le-thal  is  lomid 
I  mm  I’i^me  >.  1  he  BotuB  will  Be  eJhs  live  piew  idi-d 
t  lie  i.  en  lei  of  I  he  pie-ssiire  hull  lies  wit  Inn  the  shaded 
ana  ol  the  dk’i^iam.  dial  is,  within  a  tadiitsol  the 
point  ol  explosion  c -< 1 1 c .i I  to  tin  lethal  taditisol  the- 
BoniB  plus  l  lie  i  ad  ills  ol  die  ptessine  hull.  In  (he  dia- 

f  \iij»I<*  i >1  aii.uk  is  .iii-le  tuiuei-n  aint.iii  < iiimm.  ;i»m!  mjIi- 

lil.ll  iiie*  e  miisc. 
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I  n.*  ki  *».  I >c*j >ili  co\cia£tx  Dcjilh  hninh,  Inlial  laelitis  , 
I7i  .  li.  \\eiaj*e  wielili  eiiwnit  Itt  li. 


«*tain,  a  lethal  radius  ol  I  7 1  ll  has  Been  used;  this  is 
;ihi m i  ; nnvei  for  a  T.\ T-fdled.  .‘laO-lb  l ‘idled  Slates 
depdi  homh.  loom  this  diagram  Ihe  avrm^r  width 
lot  vvhie  h  sue  li  a  dept  h  Bomb  is  eflef  live  cm  lie  easily 
determined;  il  conies  mil  as  about  10  It.  In  other 
words  die  chaise  must  Be  at  a  distance,  measured 
perpendicular  I o  the  keel,  of  not  over  20  ft  from  tin: 
tenter  ol  die  pressure  nidi.  Consider  next,  die  dis¬ 
tant  i  nu-asmeel  fnntiflrl  to  die  submarine's  keel 
within  which  sue h  n  Bomb  must  explode  to  Be  lethal, 
hot  die  .jOOiiiu  l  -Boat,  allowing  lor  variation  in 
d ia iiteiei  ai  die  etids  and  also  lot  the  hut  dial  the 
(  hat  ue  mav  Be  (  lire  I  ivr  somewhat  ahead  or  all  ol  the 
hull,  it  *s  Brum!  that  a  Bomb  widia  i  7  i  o- 1 1  lethal 
i  .id  ins  si  ion  Id  Be  e fleet! v e-  il  it  explodes  not  more  than 
0>  ll  ahead  m  astern  ol  the  jMi-ssnie  hull  s  center. 
Base  el  on  llirviiiir  e  cii'lsidel  al  ioll.s  as  lo  depth -as  WC'K 
plr\  lotlslv  used. 

li  follows.  theteloie  .  dial  lot  the-  kind  of  BoniBand 
siiBm.nine-  ronsideied  du-ie  is  .a  Icihal  atea  J !#0  fi 
Iomj»  and  fn  It  with  'oil  the.-  smlaee-ol  the  water  with 
its  ei“nh>  ditreiK  above-  i  Be  ((3i!»'-|  ol.tlrc  pressure 
hull,  as .  tfiuwii. in  I* ij»ur e  u.  I  hits  il  a  Bond’  explodes 
Be  low  » lii.s  an  a  at  die-  assumed  depth  ol  .‘JO  It.  il  u'ill 
sink  the  sidunai  i i li.-.*-'  t  he  ploBabilil v  dial  this  will 
oe  eiii  eb-prmK  ol  cotll  sc.  <m  die  attac  k  e-i  tots. 

Allot  Jic-i  ]  >oin  I  ol  view  is  toe  onsidei  i  his  le  I  ha  I  at  ea 
as  smtoimdinjn  each  Bomb,  with  its  loii^  dinietision 
in  the*  direaiioM  ol  the  1  Boat  s  keel.  1‘lten  il  the 
(cun  J  ol  -the  sub  mat  iiie  lies  within  die'  lethal  area  ol 
a n\  or«r  ol  i ] »:•  Bombs  ot  i  lie  si  it  k,  die  at  lac  k  w  ill  Be 

*•*  I  Ills  is  i  ml  si  i  i*  1 1\  n  lie-  !•(  « oin  s<-.  si  me*  ih<-ic  .us-  Iioijih?  m 
in-  lint  ni.iiion*:  muim-  txmiBs  well  exploit*-  imilci  Un-  li'lliai  avc.i 
•»ne  |  l.iil  in  elrstoiv  the:  1. 11-41  1.  wtiili-  oilkls  v>mn\liii|  out  sit  It  - 
(lii.s  .lira  will  siiiirrii  I  lie-  .1  v*.n  iti  j  *1  ie  id  »»l  a  Icihal  aira  <  an. 

Imu (’*.(- 1 .  yive-  its  the- « 01  in  I  wia^r  e"v|»<  i  tan*  v  lot  a  l.n  j*e:  11 11  in 
Ik  i  cl  ose-.. 


<  ;<  )\T  I  ULA  I  I A I 
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I  k. i  Kl  Ii.  j  rlh.il  ;iic.i  Ini  tlrpih  fuunh  ■  I  \  I  hi lr<!  !‘M»  I J» 

iMUIlh,. 


simrsslul  As  Ix'lmr,  I fi<-  | irol >a  1  >i  1  i l \  ol  iliis  on  m 
i  i j i *=  ilia \  In  humd  In  < nnsjtln ;u ion  of  ihc  aicuk 
n  l  orv 

.Siinilm  i  nr  I  hods  of  ;i  |  >]  >t  o;u  h  cm  lx-  usrtl  Im  oil  u-t 
i\ pcs  nl  bombs.  I  Jw  problem  Im  nx  ki  is  is  also  anal 
oj>oiis.  l.nilrr  *■  i\ t*n  londiiions  ol  siihmainu'  dcpili 
ami  anj^lc  ol  a  Hat  k,  <  oiiskln  a  lions  ol  ilir  iiik  In  wmei 
inijcc  ioi  \  ol  1 1 u*  m<kvi  dm  ini;  i lie*  peiiod  ioi  uliith 
sjx'rd  is  adi-onaie  Ioi  «xn<*( rai ion  will  imlitah-  how 
fat  slum  ol  i lie  laii»el.  in  i;in«»rt  ii  ( an  sti  ike  and  siill 
lx*  Jcthai.*1  I’lic  aspe<  i  piesemcd  l>\  ihe  snhniai  inc 
will  delei  mine  pel  niissihle  \aiiaiion  in  lino.  For  ev 
aiispse.  a  beam  aJ'a.k  on  a  vwhiird  Mibni.iimr 
uiih  a  I  »  j»li«lr  au^le,  il  has  heen  eslimaled  ili.n  a 
Mode!  ’» lot  kei  will  he  k  lhal  if  il  si i  ikes  i  ho  ualei  not 
mole  than  l>7  II  shoit  ol  ilie  suhinai  ine  noi  nime  than 
St)  It  to  ei'.lx  i  side  that  is.  nndei  these  unidiiions 
l  lie  lei  ha  I  a  lea  is  l.i7\  I  (it  I  II.  as  showvi  in  F 1  ”  1 1  i  r  7. 


I*  f*-l  K I  7.  I  <  hlt.il  ,i  i  r,i  fiu  mm  M  i  .i  .  1 1 1  iv  l  sin  l.iinl  miIi 
in.n me  . Iie.iiii  .iN,u k i 


‘  IVlirUd  I  Kill  i »}  iili  jil/ssliir  |i  i  ii  i  l»\  ,1  mt  krj  |i|.l\  1 1«  >1  ,ill\.l\s 
i.illsr  1 1 1 1 1 1 1  <  -<  |  j.ijc  sink  in*;,  hill  llir  rrMilfiii"  c  l.i  1 1  l.i  i*<  *  shntild  nm 
m-llh  lx-  Millie  iriil  I « >  krrj>  llir  slihlii.il  hit*  on  I  hr  Milf-nr  .uni 
|  *C‘i  1 1  tie  lollnu  ii  1 1  .ill. ii  ).<•  (o  sink  ii.  Ilrnrr  fin  Inin  lrllt.il  ui.ts  ■ 
ir,is<iimh|\  In-  list  il, 


l3"J  Probability  of  Success 

\\  e  !  an  ill  us!  i  ale  1  lie  in;'!  Ilia !  ■■>(  tom  bin  big  alia;  k 
irniis  and  weapon  iiihaiilv  m  dclcnniue  a  priori 
prohalii  lil  les  ol  silt;  css  iiv  ;  onsidei  i  i  ig  a  sti;  k  ol  lour 
i J* •) >1 1  •  lioinhs  under  die  same  assiiin|>l ions  as  were 
used  in  (im  illustration  o!  lethal  area,  kor  simplit  i: \ 
'(■'  ns  assume  :m  aiiaik  made  lioni  (lire!  t  Iv  on  die 
lieam  and  disu-gard  individual  -dispersion  of  da 
liomlis.  \\  e  shall  Im  die!  assume  dial  probable  alUu  k 
el  roes  In  !an»c  ami  line  are  121)  fl  and  (la  II.  rc.spct- 
lisels.  and  dial  llicse  are  liouuallv  dislrilmled  alioiu 
ib  e  l '-boat's  (enier.1  I'nder  stub  assumptions  ii  is 
os  idem  dial  ibe  most  efletlise  slick,  spat  ini;  is  10  1 1 . 
sin.  <•  nidi  l  b  is  spat  in  j*  l  lie  lei  ha  I  area  ol  cat  b  bomb 
jusi  loin  lies  lb. u  ol  cadi  ol  die  adjatem  bombs  and 
i  bci  r  a i  c  no  caps  or  ovci  laps  in  die  total  Id Ita I  area 
ol  die  Ioi  ii  bombs.  We  base,  iheii,  an  clfctiise  I  cilia  I 
a  i  ca  lor  I  lie  whole  slit  k  ol  Mil)  1 1  all  mg  die  a  itt  rail's 
Hat  k  and  I !Hi  Ii  perpciidit  ular  to  lilt:  edi  t  rail's  Mat  k. 
as  shown  in  I'iguie  S.  il  (lie  t enter  ol  die  submarine 
la  s  is  ii  lo'e  ibis  ioi;ii  area  the  attack  wiii  lie  a  suet  ess 

Hast  d  on  (be  assumed  piobalile  error  til  12(1  Ii  in 
tangc.  die  tune  showing  the  prohahilitv  tii.it  die 
(elite]  til  die  submarine  will  lie  a  gisrn  dislaute  ill 
Hiller  bom  die  tenter  ol  the  slit  k  is  sinipls  the  nor¬ 
mal  d  1st  i  ii  111  I  ioi  i  c  in  s  e  shown  in  Ingulf  <1,  I  lie  proli- 
abllils  dial  l.lle  telUi  i  ol  die  stilnuai  ine  will  be 
''-•(bill  -SO  II  ol  tile,  i  cult  I  of  III;  sliik  ill  Killer  iv, 
dun  Ime.  die  ai  ea  nm  In  ibis  i  in  se  bom  v  SO  io 

\  SO.  Dill  III  I  s  . 

\  similai  (alt.tilaiion  ■  >1  die  jiioltaliilils  dial  die 
t.i  iiti  t  -ol  die  suiiniai  im  will  In  within  Oa  Ii  ol  die 
u  nil  i  ol  I  fie  si  ii  k  in  l/iir.  I iased  on  I  be  assm i letf  pi  oli 


j-.  - -  I90‘  -  -  ►] 


J  k.i  ki  Ait, i  f<n  sink  t»l  h>in  tlrjiih  hoiahs, 

I  I  hrsr  (  imis,  t  abh  yrrnler  lion  ihnsr  t|iiuir<l  cailiri 

h»i  pen  f  ii r  drops.  .nr  Mill  ralhri  mu. ill  lor  npn ,n ional  mots. 
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i  \ It i  i  2.  (  U.ltlHK’lisliiS  <»f  ir». 

Dispel  'H'l' 

A!«mR 

lethal  I)r|iiii;ii  .iim.ilt  IVi  [M-il'Jic  uhlt 

|  \ |,t*  l.xiilosivL*  \tw  r  idiiiv  ton  l  sc  inaimah 

3r»0  Ihtlrpili  l.omh  j  INI  j  Mu  17*  £.  It  -«Hi  7  h  “  fi 

cesplosivc  2.r»0  if>)  *  |  RcmiihI  1 7 ■  ^  1 1  AO  f i  l/l(  17  ll 

j  |  oijM-v  Mai  22  ll  .'{(III  7  (i  7  l! 

jiMI  lit  i.!*'{  s;  S  i  Immh  \  ■  (Mai  2.*  It  -Mill  '  It  7  H 

U‘\{>loNiu*  ISO  IIm  j  ,N  /  Round  I’a  It  -lull  I7li  I7li 

liO-lh  cnnt.u  t 

•\ i  ilnsi\c  ‘Ml  Hu  INI  Mai  Oonta<  i  (uniail  :UL,il  0 


able  mo)’  ol  iu  ll  in  line.  j»ivv»  <UiR.  J Tie  at  tual  piob- 
ahiiil  v  ul  sii<  t cw  depends  on  ilu-  nu  m  icikc  ul  boi  h 
these  events  «i n < I  is  thereloie  (Van  ()  l»S  0.1M.  in 
oilier  words,  under  the  assumpl  ions  made  1 1  if  si  irk  ol 
bombs  has  a  1?  I  per  tent  <  haut  e  oi  killing  ihe  sub 
iinn  iiu  . 

ihe  calculation  is  toiisideiabh  more  complex  il 
imiis  idiiul  bond)  dispersion  is  utken  into  artnuni 
and  i!  :u lilies  o!  attack  iutci  mediate  between  0  dc - 
oiee  and  110  desires  to  lln*  submai  inc 's  <nm-e  .nc 
(onsideied.  I  he  a bo\e  e\ani|>le.  howc'et.  illustrates 
lln  basic  lheoi\  involved,  W  e  shall  nesl  examine  ihe 
i  rsiifis  of  some  a  |>i  ioi  i  i  al<  it  la  lions  n|  ibis  son. 

Sin  h  rajf  ulai  ions  sene  scvei.d  pm  poses.  Ihe' 
make  il  possible  to  dclctinilic  optimum  laclirs  Ini 
(lie  use  of  a  yj\ en  Wra|  mil  and  aiismi  mii  Ii  < p test  ton 
as;  uhai  is  die  best  7j.iii*Ic  ol  attack',  wh.il  is  llic  best 
sp.it  in*i  l.pi  bombs  in  a  s i i c  k .  <it.  Mole  innd.imen 
I, ill'.  lhe\  make  il  possible  In  (  oinpaj  r  1  lie  e\ pr<  led 
I'lTec  liu  ness  oi diilei,  : 1 1  hash  i\prs  nl  Aveapoiis  and 
of  di lieu  ill  models  ol.  a  Oven  !'  pe.  Sue  l).c 'ompai  isoijs 
air  ol  \alue  in  drin  mimin'  u  hit  h  urapoijs  should  be 


distance  in  range  from  center  of  stick 

I  un  Ki  ?P.  t'icihahitiiv  (ha  I  renin  « «J  suhmai inr  will  hr  a 
"hen  distance  in  iaii"e  limn  n  iiie  i  ol  slit  I  . 


used  and  ohen  mi^csi  profitable  improvements  in 
i heir  (lesion.  A  priori  p.robabilitv  calculations  may 
also  be  used  lo  sunk  ihe  elit  e  l  ol  act  m  at  y  in  the  use 
ol  a  «*i\esi  weapon  and  show  to  uhai  extent  improve* 
mein  in  pi ohabilil \  ol  stittrss  is  possible  through 
imp)  o\  eniei  1 1  inacttnaiv.  I'inallv  .  snt  h  t  a  It ti  billons 
pi  edit!  wliai  should  be  expelled  bom  operational 
results  and  are  uselu!  in  evaluating  f,ur!»  rcMtlhs.  W  c; 
.shall  illnsiraie  ihe  above  points  by  considering  Ihe 
use  ol  bombs  in  Class  \  all  at  ks  against  I  be  Ciennan 
Non  ion  boat  with  the  same  assumptions  as  iodic 
depth  ol  the  piesscue  hull’s  ccnid  as  were  used  in 
discuss  ini*  lethal  aien  li.r..  all  depths  between  I i U,  ll 
and  HI  .It  ale  i  ousidered  etptall'  likely).  Results  will 
be  shown  lor  the  bash  t'pesol  I'nitetl  Stales  bombs 
used  in  World  Mai  IL  I  abh  If  summai  i/rs  the  as¬ 
sumptions  made  ns  to  i  heir  (  bin  at  lerisu’t  s.  (\Vei«»br 
isoiwn  in  round  hj»uies  individual  t'pesol  bombs 
\n  \  some"  jia  tin  weight .) 

\sMimpi ions  as  to  pi obafde  a iin.in^  ei  roj s  tint  inti 
in”  pi  obable  submai  ine  posit  ion  error)  an  shown  in 
I  able  a  hn  beam  attacks  and  lt;ivniiwise  allatks. 
(( ioiisfsteni  xaldes  hate.  been  used  I  or  init  iinediale 
.nudes- ril  af lark.) 

Oil  l  he  above  assn  nipt  ions  the  diet  I  ol  si  it  k  spat 
iri«  on  'probability  ol  sun  ess  is  illnsiialed  in  Lij^urt* 
III  Ioi  dal)  lb,  1  \  I  Idled.  Mmiid  nose  depih  bombs. 
On  die  basis  ol  similar  t  ah  tdai  ions  Inr  \;n  ions  angles 
ol  aiiatk.  the  c  m  vt  s  shown  ill  Figntc  I)  t  an  be  ob¬ 
tained.  Ii  will  be  noted  Iron)  Fii'inc  II  that  iliere  is  a 

I  vini  .'l.  Vnmmims.I  I ioiuI >iii“  <  i  mu s  l«».’  Cl, ism  \  , macks. 

1* r  oliahlr  ri  i  im  Ide’aahlc1  <‘i  ror 

iH  i.iiij;<’  in  linr 

BcamaU.uk  i  12c*  1 1  tiail 

l.eiiwiliuiscaitail.  I .*» *V  ft  2*1  1 1 
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OPTtMUM  STICK  SPACING 


X TTACKS  m  AIRCRAFT 


i:m 


! 

LENGTHWIS 

ATTACK. 

t 

NO.  OF 

0MBS 

6 

/ 

/j 

w 

A 

**s 

^  2— 

_ 

0  50  100  150  0  50  100  150 

STICK  SPACING  IN  FEET 

l  ii.i  Ki  10.  n|  sinking  :is  .i  hint  lion  ol  %ii<k 

>;ti  i i .  .'fill  Hi-  lcmnil  hum'  < l<*| if li  ImmiiI»v  I  V  I  -  hlloil. 

wide  \iiii.iMoii  in  optimum  \|>;i<  in**  lor  ,i  iwohoml) 
Ntitk  ;i< <  oi dint;  n>  anj^lr  ol  aiiatk  and  < >i 1 1 \  small 
'  niaiion  I’m  other  slick  si/es.  l-igute  Id.  hourur. 
shows  i  ha i  l  hr  a<  i  ual  rlJo<  r  of  s|  i(  k  spat  in<»  on  prn!>- 
*•  I j 1 1 i j \  ol  ‘-is « i £ €:.>>  j-*  ainiONi  neqi i«»imr  im  a  tuo-hotiib 
slick  and  i>  “lcitt-a  im  the  longer  slicks,  in  othoi 
womK,  Im  ( ;r‘M  s  tv'hru*  ihr  opiimnni  \aiirs,  the  im 
poi  lam  v  ol  iis»in«»  I  hr  opiimnni  \  ilur  is  small,  wIkm- 
as  fin  civs  lot  which  use  ol  an  optimum  \alu<  is 
ihipmi.iut  mat  l\  the  same  \.ilur  is  opt  iimiin  Im  all 
ail'd!  s  ol  al lark,  it  hallows  liietrlnte  that  an  oxeiall 
'•dm*  ol  hIkiiii  7*>  li  lot  all  an**lrs  i-  quite  saiishn  tot  \. 


I  i*a  vi  II.  <  >| >i i m mu  stir  k  x}>;»  iitj*  as  a  liim  (inn  of  ;in«|i* 
*»l  -ilt.iik  »n  1 1 ».  |  \  |  Itllril.  i r a i n< ! ■  ii< kc  <l(-|j«h  bomb". 


i*J  <f>  i 

0  Xe.  k- 
2  q  16 


oia  ? 

or.  ; 


ANGLE  OF  ATTACK  IN  DEGREES 

I'ii. i  ki  I'J.  I'i nba I >i I i O  ol  \irikiii”  a\  a  linti  lion  ■>! 
ol  aiiiuk,  with  l>r\|  Mirk  ijiar  iii4  Im  inuIi  ani'lc. 


this  is  ;i  n  inijioi  lain  <  one  liisinn,  sime  \  ;ir\  injn  die 
Mil  is  s|>;ii  in"  Im  <  iu  li  :ili;ii  k  would  losnll  in  compli- 
<  :ii  inn  ill  id  di  l;i\ .  1 1  i  an  ii Iso  lie  seen  I rom  !■ ioni  c-  10 
■  I i-i l  own  loi  larger  sii<  ks  ilio  use  ol  willies  devialing 
Million  h. n  limn  ilio  7.r>.( i  wdno  suggested  will  lie 
ipiilo  ;i<  <  opndilo.  r S i 1 1 1 i In i  i  oik  lusions  flaw  boon 
I  oi  mil  lor  ill 1 1  -noso  bombs.) 

I  lie  olloi  i  ul  ani'lc  ol  ailai  k  on  suewsx  is  illus- 
naiod  in  l-i'giue  I"  lot  ilio  lonnd-iioso  dopili  bombs 
jnsi  considered  aiul  for  <  nnesponding  llal-hoso 
bombs,  ii  is  ajip.iioiH  ihai  angles  along  die  sni.ima- 
line’s  I  ins  k  giw  llli  b(  si  piub.ibilin  ol  snrross.  j  he 
iinpimonioiil  possible  In  xeleuiii"  iliis  angle- makes 
ii  woilliwliilo  lo  do  so  wheiewr  i  onvonioiil .  How¬ 
ever  l be  gain  is  nnl  si i II i<  i i a i i  in  waiiani  doliu  in 
a  1 1 in  k  Im  ibis  pm  pose, 

I  lie  above  icsulls  ino  irteiols  ilio 'I  a  i  ivo  sim  o  die 
oilori  ol  siiik  spin  ini.;  and  angle  of  nllnik  will  win 
w  i'll  die  npo  o|  bomb  considered  and  die  assunip 
lions  niailo  in  die  <  ab  idai'jiiiis.  Inn  ii  is  loli  dial  lln 
I  OIK  1 1  is  inns  1 1 II IV  S.  I  lob  lie  applied  lo  low  level  ill  pill 
bomb  anal  ks  on  (.lass  \  s'ldimai  inns.  \\  e  shall ,,l low 
plowed  m  a  (Onipinisun  ol  die  dilleienl  lvp.es  ol 
bombs  lisied  ill  I  able  L\  li  wl  agi.il"  lesidlx  owl  all 
audios  ol  aiiaik  and  using  die  liesi  sjiik  .spin  iug  al 
e.n  Ii  angle.  ... 

Sill  1 1  a  1 1 H  n  pa  i  ison  is  mi  is  I  insli  n<  live  il  made  on 
a  weigh)  Ini -weigh!  basis,  as  has  boon  done  ill  piepai 
ing  die  <  in  Vi's  shown  in  I  'igtue  I  .“>. 

<  lire  Ian  is  ilium  diaiclv  es  idem  from  these  em  cox, 

I  lieie  is  a  gieal  gain  in  cllei  1 ivciicxs  wit h  iinnibei  o| 
bombs  dmpped.  icgaidlcss  ol  ivpe.  I  his  means  dial 
ii  is  in  i  pm  lam  lo  (hop  a  solln  ieiil  mi  in  her  in  die  In  si 
niinik  in  sctiiic  a  high  priibaliiliiv  ol  suwess.  Willi 
I  mid  i  ii"  I  mm  nbs  is  nnl  wan  ail  foil  unless  (lu-ic  is  a  wi  i 
good  i  ham  e  ol  making  a  set  nml  ( ilass  \  ailai  k.  l-oi 
example,  i!  ■  lit  i  ham  e  ol  a  second  a  1 1  at  k  is  less  I  hail 
-a  pel  (elil,  as  mans  as  ion  .”00  lb  bombs  are  jusii- 
liaiilv  expended  on  die  In  si  a  Mack. 


OOMIDKN  I  I A I . 


VUTOK.S  l)l,U.U.\!IMN<;  Mil.  .Sl’ClFS.S  OF  ATTACKS 


I'M. I  1*1  I  r* .  I'll  >l).|l)l!i  I  \  «>l  Sll'kili”  ,|N  ,  j  I  MIX  I  inn  o|  Urljjlll 
ol  I ic hi 1 1 >s  in  s>i(k  ini  111:111s  miics  nf  Ixnniis.  \n,i.it{<,il 
owi  ail  a  limits  nl  muck  with  <  >|  >(  i  1 1111 111  sink  s|>,nin”  al 
null  anj»l«\  I  II*  I  «n|n  \  ll.it  iiom  ,  /■  “»ll  Hi  I  \  I 
ll.il  iiovr:  (  1 11ni.nl:  !>  Hi  I  X  I  muiiil  nusr:  / 

(>Ml  Hi  INI  II. ii  Mnsc:  i  rr»(i  |l>  I  \  |  iniuutiiost. 

\  . 1  .1.  . . 1 . . .‘...1 : .  . . . 1 

\  mm  1.11  min  t»i  mi.  inmn  ■iimiuin!:  »<*  I'jn  »n 

bom!)  il Ins n a it**  s<*\ «-» ;i  1  import. ml  points.  1  hcsr 
m;n  hr  Minimal  i/<  d  as  bilious. 

I.  \  <  <»iii  ]  1:1 1  ison  n!  ilu*  onves  lot  loumil  im»m; 
bombs  \\  illi  1  !i<-  <  on  (  'spout! hit;  <m\rs  lm  fl.it  nose 
bombs  indicates  I  hr  lil. II  ls(  cl  i'li|)in\i  nirnl  a(llir\((l 
l>\  d<  (  m  .im*ii*j4  1  lie  tlisjii  1  sion  in  uiiiIitw  a  hi  najcc 
lol  Irs  ol  I  IK  I  INK  Ilia  I'  bombs  1 1  mil  17  1 1  In  7  h  t  lm  Hi"  h 
pi, opr)  dcMuu  of  llir  bomb. 

lb  \  (  Oinp.ll  isnl!  o|  l||(  t  III  \  (  s  lol  III  honihs 

with  those  |o»  bjl)  fb  bombs  shows  that  oli  a  uri^ln 
lot  weight  basis  ihr  smaller  bombs  should  be  mark 
mils  siiptiioi  lot  all  m/(  s  ol  bomb  stick.  \llhoii<;h 
the  J'Mi  lb  drjilh  bomb  is  t Ik*-  linhlrsl  used  l»v  tin 
l  mud  Mates  Yaw.  il  is  not  iincssaiih  opiimum.  \ 
studs ,  tindri  1 1  it;  .saiin  itssiimpi  ions,  ol  tin-  lij  ii  Mi  ’jii » 
lb  bomb  {We iv, ill  ol  I  f ;i|  pc  1*1.' I  lb)  showed  somew  hat 
Ijui!’!'  K-vih*.  t'lii  ii  vvrh;h!  lm  tvj;ij»hl  basis.  It  isipiiie 
j.iossiblr  ilia!  still  li^htrl  bombs  mildll  h(‘  c  lire  live, 
but  the  )  1  Mills  w 01  ild  depend  on  v  .11  ions  he  tots,  sn<  h 
as  1  he  pel  1  em,i“e  ol  explosive  \w  i*j»bi  to  tola!  writ;hl. 
wri“lil  of  (ipi  ipiiK'n;  1  rejoin  d  to  di  bp  lomji  1  sticks, 
etc  . 

.J.  \  c  ompai  iso|»  o|  the  <  111 \c  lot  tbe.JaUlb  I  or  pc  A 

Hat  nose  bomb  with  the*  cmvr  ioi  the  c  01 1  espo ml in«» 

I  \  I  Idled  bomb  shows  the  valueol  usini*  a  uioie 
powctltd  explosive.  Impi o\ (iiicnt  ok  ieihal  radius 
Ioi  a  nj\(  n  Uc  jnhl  ol  bomb  bv  means  ol  .in  imp! u\rcl 


IS,’ 

explosive  is  a  \rr\  efirnive  means  of  in<  reasinj>  the 
lethality  ol  at  tat  k , 

h  !  be  i  m  ves  show  that  lor  the  bombs  considered 
(and  under  1  lit*  assumptions  made)  the  ‘55  (bib  Slat 
nose.  I  oi  |K  \  Idled  depth  bomb  is  .superior  Ioi  am 
t;i\rn  weight  ol  bombs  dropped.  l*oi  the  01  her  t \ pcs, 
iherontaei  bombol  lled^ehot;  l\pe  appears  superior 
lor  weights  under  aboitl  I  OHO  lb.  but  this  may  be 
oiil\  an  apparent  advantage.  Depth  bombs  explod 
mn  outside  lethal  raii«c  ma\  Mill  damage  the  suh- 
maime,  whejeas  a  near  miss  with  a  contact  bomb 
does  no  damage.  I'm  t hc  i more,  the  extra  weight.  tv- 
*  1 11  i  red  b\  moie  uunieioir  bomb  lacks  fc»r  small  eon- 
tact  bombs  will  also  lessen  their  advantage.  Sinee 
onlv  (.lass  A  attacks  have  been  considered,  il  nmv 
seem  that  the  ad\  aiilagr  ol  <  ont.ac  1  bombs  in  covering 
all  possible  Mibinarine  depths  has  been  disregarded 
in  0111  analvsis.  Actually,  however,  consideration  cd 
hitei  attacks  would  add  little  to  the  probabilities  for 
c  on  lac  1  bombs  bet  a  use  of  die  11  ik  ertaint  v  ol  subina- 
t  me  posit  ion. 

I  lie  above  1  est  1 1 1 s  are  based  on  fixed  assumptions 
as  10  aiinino  eiiors.  i  lie  diet  t  o!  si! eh  etrois  is  ilhis- 
iiaud  in  I  is;  me*  i  i  lor  a  si  irk  o!  six  I  orpex 

iiai  nose  depili  bombs.  Ptobabiliiv  ol.  sinking  Ims 
;iii  i;iSc<I  mn  .ill  anj"!/:s  ol  alfuck  with  brsi 
Miik  s| ».u  i  1  in  lm  oath  im^lc.  Ki-miIis  arc  shown  ai  ■ 
tnKiiii*  in  ilu-  jn ohal.lr  i;nii>o  onm  Inr  a  beam  al- 
i.n  k.  |  ini:  1-1 1 1. is  lm  I Irani  aiiai  ks  and  Ih.iIi  I  ini  and 
1  i.uiyr  mm  s  |,n  oi  In  1  analo.s  nl  aiiai  k  liavo  also  I  iron 
vaiii  il  sn  as  in  In  |iin|im  iimial  in  i  hi  tail”.-  onm 
'"‘Hi  ■"i  lk  "Miiy.  ilu-  irlaliniisliipjrllci  ml  in  I  alilr  '!. 

I  his  mill-  shows  no  sinkinyh  ilu-  i>n|io|  (ante  ni'- 
1  'll  ill  \  in  .11111:11”.  lm  lanyo  ci  mis  iiinh.T  alt  |(.  ai. 
alia,  k  is  .ill iiom  101  lain  In  In-  sin  1  rssl ill.  Inn  llir  1 11  oh- 


In-1  M  II  I’nili.iliiliu  nl  sink i lit;  as  .1  Iiiii.iuui  ||„. 

,-s.J.I-C  I.-.I  .-III  .IS  in  I... ml, ill-,  I..I  sis  Till. Ill  I  ,  i  1 1  tf  v  ||;i|. 
IM>Sf  *1**1  >1  II  ilOlllllS. 
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ATTACKS  BY  AIRCRAFT 


I  \iui  f,  !■’ lli'cl  of  <li'j*UT  ol  .11  allatk. 

1 1  •  it  l<  *|  ifin  U'M  i  aliaiks  In  l  nilal  -Slates  :,in  i.Oi .) 
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ahiiilv  « It  nits  oil  Kijiidh  iheteallei.  Fur  iirms  nl 
;ilx mi  I 2->  (I  ii  is  down  in  :i lx > 1 1 1  r»U  per  cent.  I  he 
value  nl  ;m  ellrciiw  lx »i  1 1 1 >  sight  is  <  I <•; 1 1 1 \  indicated 
b\  ihe»e  hgu.irs. 

A  prim  i  pi  nhahiiit  it  s  nl  sun  css  tv i  1 1 j  eight  solid- 
head  !Olkr!\.  !<*;•  (  J !  i  i  i  i  \  i.  .liigles  u|  ;t!i.K  k,  ;n  c  nl 
about  tin*  miiiic  mi  del  of  luagtiiim.lc  iiM«nii  spun ding 
pi  ubabilific.s  ui  mii  <css  ivilli  si.\  dcplli  bombs  using 
flic  seaman's  <-w.  inciliud  nl  .•Milling.  I  ni  example, 
using  aiming  cii'nis  (sUmdaid  deviation)  nl  :i:>  mils 
ill  a/iumili  and  iij  mi K  in  i  ll  \  alinii  nvliic  Ii  air  about 
I  w  it  c  i  hr  cl  l  m  s  obtained  ill  pl.U  l  ii  C).  I  Sic  pi  uhahil  ji\ 
nl  a  kill  nil  .<  (  lass  V  I  hoal  at  Mil) \d  lange  in  a  20 
di  git  r  diu  with  right  lockets  is  aboui  jl)  pci  mil. 
I  his  is  about  I  lit;  xjinie  as  die  ptnhahiluy  shown  m 
I  ir  til  r  I  I  lul  si\  l  'idled  Stales  1  ol  prs.  Hal  llnse 
dcplli  I  »n;i  ihs  vuih.a  lunge  1 1  mi  of  I  2M  If.  I  In  a  I  mu  ■ 
tninpai  ishn.  nl  <  niii  sc,  involves  in  lam  spi  c  dx  as 
si  1 1  ii  pi  inns  .is  in  aimin';  <  i  mis  and  wt  .i|mn  <  Itaiatjei 
..isliis.  Inline  imploVt  uu-ul  in  aiming  meilmds  and, 
pnssihh.  in  Weapon  design  n  i .  i  s  .i  1 1  <  •«  I  die  fun  wrap 
oin  dilh  ieiil !>  and  ii  is.  ilu'ielnii,  iml  pnssihh  m 
t  nlir  ludr.  U'll  it  b.  \\  ill  nil  iltuielv  hr  llir  h<*!li'i.  \ <  I  ll 
alh .  ii  is  1 1  r  >  i  ne<  rssaf  \  In  di  t  idc  i  his  -poiiii  si  in  c  i  lie' 
air  <  njliplelfieni.il  \  in  N.itnir.  Hepili  hum  I  is  air  <1 
iiiliu:  al  all  angles  nl  , Hli.uk  and  Ini  an.nks  made 
slim  l  Ivn  1 1 n  si ihilie l  i*e hi  e.  \v  ll  ile  l  n(  k<  Is  al  e  I  esi  i  ii  led 
10  angles  near  llir  heam  and  In  Use  nil  visible  suh 
Inclines.  On  llir  nlhet  hand,  mikrls  arc  hghf  in 
t\ «ai«* 111  and  ptovide  ail  diet  live  weapon  Inr  small 
planes  whir  1 1  i  an  uni  i  a.»  i  v  bombs.  I  1 1  <  ■  v  a  ho  pun  idr 
an  additional  pumh  Ini  bombing  p/ams.  giving 
llirm  something  likr  twite  ihc  (Hec  live  weapon 
capacity  with  onh  a  small  inn  ease  in  load. 


1 2.-1  ( )  p ERATIO N A L  EXPER I EN CE 

\ciual  lesuhs  achieved  in  aim-all  attacks  during 
World  \\  al  1 1  vcril  v  manv of  die  a  priori  conclusions 
drawn  in  the  previous  set  linn.  First  lo  be  considered 
is  tlx  imiioi  lance  ol  making  prompt  attac  ks  and  nl 
using  a  depth  set  i  mg  appropriate  for  such  at  tacks. 

,2- *• '  Effect  ol  Degree  of  Submergence 

at  Attack 

I  aide  I  shows  i hr  irsiihs  achieved  h\  independrni 
(  niied  Slates  aimalt  anatks  in  tlie  Atlantic  and 
\h  ililen  aneaji  duiiiig.llli  last  hall  ol  If)  12  and  the 
!jis|  7  months  ol  I!)  I.‘k  J  hr  per t< .Milage  of  A  I)  atluc  ks 
;  I  ‘  bout  sunk  nl  da  in  aged)  and  that  nl  Am  B  at  lac  ks 
(I  ’  Im.ii  sunk  ni .  piobahlv  sunk}  tire  shown  Ion  each 
peviod  an  oi  ding  to  I  lie  drgjee  ol  subtm.jgeiicr  at 
at i at  k. 

I  lie  .hi, -liked  impiovrinent  in  overall  results  fioin 
the  In  si  | x  i  if x f  In  llir  second  is  ( lejtj  I v  associated  wit h 
a  ninth  giralri  piopoiliou  o(  attacks  on  lidlyMii- 
laced  (boats.  Flic  del  ailed  birakdemn  lor  rath 
pel  iod  shows  t|iiaiii italjveiv  the  t  oi'iet  tness  ol,  the 
tout  lusioii  reat  In  cl  in  mil  ilieufeiicul  (list  iissioii  as  in 
the  tin  lease  in  probability  nl  mu  tess  with  iru  rcaso  in 
drgl  re  nl  snbiliri  gout*. 

,-:!!!  I  mpoi  iancc  ol  25-it  Depth  Setting 

When  i lie  I  niicl  Slates  critcrct!  Wm  Id  Wai’  11. 
ile|)lli  sellings  ol  .">0  ll  were  <>iimii<ni,  !i\  ihc  Inner 
hall'  ol  l!l  12.  llir  iiiipoi'taiire  ol  a  shallower  srlfinf’ 
liai.l  been  lemgiii/eil  am!  llir  usual  depth  selling  was 
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25  It.  However.  .*»!)  attacks  during  Jn(\  December 
IP  12  involved  50-li  settings.  These  resulted  in  5  jkt 
<  i'i ■  i  A~D  assessments  as  coinpaied  will)  (hr  ovetal! 
figure  of  1  !  per  mil  shown  in  the  above  sable.  During 
(hr  first  half  *»i  I  Dili,  when  the  dir'^cr  soiling  was 
general!)  list’d,;}  total  of  171  independent  a  i  ten'll 
attaekson  l '-boats  in  dir  l-nited  Stairs  Strategic  Area 
i cm i lied  in  mm  l.ii  jkt  cent  A  I)  assessments.  I  n 
doubted!)  i hr  deeper  sell in«>  was  ai  least  oailly  re¬ 
sponsible  lor  this  poor  show  ing.  Operational  expet  i- 
cnee  rims  heai soul  clcajlv  dir  importance  ol  making 
prompt  airat  ks  with  a  shallow  drpdi  setting. 

Since  ihr  25*1?  selling  lor  f'niird  Slates  depth 
bombs  act  nallv  pi  othit rtl  r\plos‘on  at  depths  gi eater 
than  25  ll  on  ihe  avc.iagc,  (lie  imp) ovemcni  noted 
alios e  was  mils  a  partial  iraii/aiion  of  that  wliieii 
was  t  lieoi  elit  alls  -possible.  Tests  indicated  that  dm 
ing  the  period  fannars  |itl\  IPI.'I  the  <  tit  i  cm  l  ‘nited 
Mates  depth  bomb  when  set  lor  25  It  at  malls  fired  at 
dept  ha  hr  i  ween  27  and  n  I  It,  with  an  as  ei  age  ol  a  I  mill 
Ml  It.  On  (In-  oiliei  hand,  the  British  drpdi  bomb 
hied  ai  \t.»\  nearh  tltt'nmrtt  drpdi.  A  ruiiiparistiii 
o!  opt  i  at  i«  nial  i'e*  nils  .wiili  die  two  dilhliiM  b.  »utb> 
shottld  iheleloK  inditate  the  advantage  nj  the  one 
is  hit  l»  exploded  at  t  he  desired  depth.  St  it  li  a  coin  rail  i 
'on  is  made  in  I  able  .*».  I  he  Bi  ilish  Iigm<  s  air  I *. i x«.-i I 
on  c l«t v Jit* 1 1 1  a.I  larks  on  lulls  oi  pal  l Iv  sin  lau  d  I 

I  AM  ( ijuj.ioi.n.il  1 1  Hills  wiiJi  1 1 1  ll  <■  •  mi  il<  |  »i  li  I  is. 

Hi  in-h  IV 


I  In  iurlil.il  t  -uiji.iI  M^utlv 


\.«  :a 

I'l  J  It- III 

\i>:  i/I 

•  lUllllts 

IV.  dill 

R.iuool 
|»|'CI.|I  loii.ll 
III 

unml*- 

ili\ 

'  .ivct.iyi-. 

tilt 

*  (li  i'-’ii  I  ii  .i  I 

Lfd  -, 

L*  •. 

.•ii. 

i 

5 1 

1 

.  VJ* 

Cl 

,  Ci  ,  . 

‘7  • 

A. 

1  Mit«-' 

1  SI. Ill  s  <)<  J 

l.l  ll 

_ 

.... 

1  lii'ni  ('lit  .i. 

1  1  VMlIl  \ 

C  i(  k  I  J  t  ii.ll.it  i«  Sllils 

So  •»! 

IN  »•  mil 

\n  ttl 
ii  Autis 

I’r.i  mil 

K.tUii  ol 

(  »|  T)  .ll  H»lt. (I 
in 

(Hllllbx 

kill 

■  .(m.i!;n 

kill 

l  Ik'-i.I  rln  it 

-J 

U'l 

V  1 

1  1 

17*. , 

1 

II*. 

! 

L*7 

ti.V  , 

Ci 

Yi 

ciU  , 

a 

Mi 

fC.’J 

Mi 

1  *  < 

boats  dm  ini*  the  period  April  Oelohtr  IPTk  The 
Tniled  Mates  hgmrs  are  based  on  attacks  for  die 
pet  iod  lamiarv  JnK  !<M",  including  ail  decrees  ol 
suhnicigeiue.  i A  compensate  Jor  She  inclusion  ol 
.titatks  on  submeiged  submarines,  United  .Stales  at 
lacks  assessed  A  D  (Mink  or  seriously  damaged)  are 
considered  success! id.  (.Since  72  per  cent  ol  the 
United  States  attacks  were  on  lulls  or  partly  visible 
U-boats,  whereas  kills  were  olds  51  per  cent  ol  the 
total  A  1)  assessments,  this  at' nails  results  in  over 
t  omjx  iisai  ion,  and  t  lie  t  omparison  is  therefore  some* 
w  hat  too  las  ora  hie  to  die  l  'idled  States  dr  pi  It  bomb.) 

It  tan  be  seen  Ironi  I  he  a  bos  e  dial  the  British  bomb 
gave  results  <  lose  to  ex  pet  ta  i  ion,  whereas  the  United 
States  bombs  averaged  a  little  over  half  the  cxpec  la- 
t  ion. 

Vi‘™  Importance  of  Bombing  Errors 

Next  to  be  considered  are  opt  rat  iona.1  bombing 
el nu s  and  impim chichi  in  them  due  lo  praet ice  and 
the  use  ol  bomb.siglits.  As  in  dm  actual  si./v  of  such 
ei  ruts  a  Btitisb  anahsiso!  -I  Tpliomgntphed  davligln 
attacks  made  b\  seaman's  etc  on  visible  submarines 
dm  in"  die  pel  iod  Match  October  IP  IT  showed 
mean  mors  abotn  ilm  conning  lower  of  J  i  I  (t  in 
Hinge  and  71  it  in  line,  Hiese  ei  mrs  Wei  e  not  uni 
lorniK  distributed  about  the  commit;  tower.  Sv stern¬ 
al  i<  ei !  ois  in  estimating  Mil  ima  line  motion  weie  up* 
paieiifb.  nc  gligiblr  but  iheie  was  a  s\  si.cmal  i<  over- 
vliuot  alotru  die  ahciali  Hack  icsuliing  in  an  NilM 
whic  h,  was  Kb  !i  o><i  in  i . 1 1 ii* c*.  I  be  MIM  in  line  was 
n  asnnabls  ue.u  the  c  oi mini;  tower,  i.e..  i  ‘>  hrilcli. 

,  I  hr  c  i-i  oi  s  showed  considerable  V  at  ial  ion  with  angle 
n!  attack:  die-  imasuird  les.ulis  aie.shown  below.  it 
Was  found  that  die  photogjaphic  sample  was  biased 
since  Hack  attacks  with  sinall  line  emu  tareK  gave 
sinislac  lot  \  ‘photographs  because  explosion  plumes 
c|bsr. cued  die  I  boat,  (  hcielot.c*.  the  line  error  in 
f|ac  k  a 1 1 at  ks  shown  in  I  able  h  is  somewhat  lent  large. 
Attac  ks  on  subniai  iiies  whuli  had  submerged  less 
than  15  sec- before  attack  gav  average  errors  of  IP2 
li  In  i.tngc-  and  75  li  in  fine.  1  he  sample,  however, 

1  MW  I  i>.  J  )]H‘Ull  loiiiil  l*i.int»iii”  ci  l Ol  s  m  isiklr  l  Ui.lKt. 
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w;ts  ai'd  results  ;ur  mil  m  i  . eti.ilile.  ( .oni|>:i r i - 

son  nl  i  hose  iiicumi  i  oil  emits  Ail  1 1  those  assumed  ill 
In  hie  :l  Ini  1 1  Kill- i-t  it  ;i  l  i  nil  I  limit  ms  shows  reasonable 
aeieeiUenl.  whli  I  hi  iissiimeil  nuns  xe.uicsshal 
smaller  I  hail  (hose  ;i<  ( mi  I  Is  inline  m  opcr.iliuns. 

Che  ellei  1  nl  pi :i» .  ico  ill  reducing  bombing  elT-u  s 
iiiiiiinl  lie  (-initialed  explicit!)  Innn  operational  re¬ 
sults  bemuse  ol  tin  lad.  ol  snllieieiil  pholugiaphs. 
rile  impm  la  111  e  ol  ( 0111  illlled  pi  .11  lie  i-  is.  IlosscScr. 
illustl aletl  111  Coastal  ( aiiiiinaiul  cxpciirnic  I nr  die 
period  Mas  Deieililiei  Idl.’I.  I  able  t  slums  ,1  10m- 
pai  ison  o!  results  loi  ibis  period  at  uudi-ig  10  aiiiniiiii 
ol  prill  lice. 

I  MM  I  7  lllnl  (»t  pl.Klift*  (iff  .tlt.ll.k  .IMlll.t(\. 

Huj>ib  jiiiK  iA  w  ho  li.nl  lloinh  iiiinci'  u  lio  h.ut 

< 1 1 01  i|m*< I  U.'s'i  (him  III  ilio{)[.nl  moir  th.il)  IU 

1 11. 11 1  iic  1>oiiiI»s  till  1 1 1  iii  1 11 .11  1  it  t  I ioiiiI is  tin  1  i iij^ 

jiiri rtiiii"  iiioiit i  1  |»ir< itliuy  iimmiiIi 

{>(111(1  .111.11  It  s  'll’,,  U.V  . 

Moilci.iir  .ki.h  Its  , 

11. id  ,;it.i<  ks  :?ii' ;  IV. 

1  lie  rllrt  1  nl  ;i  l)(»iulisi»ln  mi  liinnhiii."  i* 

illiisiiiiK-d  l>\  lliiiislj  i\iK  1  i'/iu r  uiili  i In*  Mk  III 
Cii^uhu  \rIocii\i  .  Am  m[  it  stills 

lliioU^h  | mu  Mill  showed  ;i\(jaj*c  cViojs 

iihoui  riit;  1  Miming  iowa  ol  M’ill  li  .is  i  (Miip;u«  <1  H>  I8<> 
Ii  fo»  m.,iiii*mi  s  eve  honiliino  ujidcr  r ! it  s.imr  i.omli- 
lions.  \\«.-i  ;i  •$»..*  line  nn»|s  unc  ;J;»  Ii  hs  ( omp.ii ctl  Hi 
iii ,.l.i  I,V  si  .nn.iii  s  < \< .  itioui'li  ilinc  is  no  reason  io 
r\|N-i  1.  .in  unjiiouaiK  iil  in  line  error.  I  heir  was  an 
tilt  1  (.‘iiie  j  1 1  h.lli.ilju  o|  aiioi.li  ..  1  pci  iciil  in  kills 
.Old  fiM  ])<  1  r«ui  hi  kills  .1  r i« I  (huiia^r.  I  lies/"  * ‘  suli> 
air  based  on  .1  w  id  ..small .  sample-  re?  .macks.  Hi 
pliMlo^i  ajjiis’j  a  in!  dji  trlitji  ,ii»  not  <  on<,  luSin  e ;  lion 
r\M  lh<\  do  show  llie  liuuil)si^l»(  >\o  Ik;  .a  {'nonrisiii^ 
'  dcve.fi  ijjilirnl . 

Imj)Oi  Uui(<1  ol  liomb  SnYk 

( )}»n  al  ional  e\|>eji(ir<r  h.is  <  It  ;u  l\  huim  nirl  the 


;i(!v;mlnj*c  ol  dropping  large  si  irks  of  bombs.  1m n* 
example,  in  ihe  period  Jrom  )ul\  MM2  lo  July  MM  a 
l blind  Stales  results  for  depth  bombs  set  at  25  It 
wei  e  as  given  in  Table  8. 

I  Mil  1  S.  Sue  ( ess  0)' ;iil:i(  k  foi  dillcrrm  m/o  ol  Mid.. 

•  I'nilcd  Suite*  ain  iali.  1 11 1 >  I ‘HU -JuK 

\«Miit)ci  o:  ixmiliv  Vm ciuajjc  A  1)  assessments 

I  .'f  I" 

I  lit 

iu  :u 


,-'|r’  Results  with  Rockets 

C fpcralimial  icsulls  with  mikels  are  not  scry  ex- 
lensiie.  Aluiosl  all  I  idled  Slates  lockel  attacks  were 
made  in  1  ounei  1  ion  with  other  types  of  attacks  so 
that  110  siK  i  ilu  1  oik  hisiunx  i.an  he  drawn  from  them. 
Itiiu’sh  attacks.  howeier,  demonsiraie  dial  rockets 
liaie  been  elliaiiie.  For  example,  during  die  period 
Mas-  Do:  ember  i:ii.‘i,  I  ft  attacks  on  Class  A  I'boats 
(of  uliii  li  I  I  were  lulls  surlaual)  resulted  in  HI i  per 
( 11 1 1  \  nr  II  assessments  and  an  add  it  ional  212  per  ( cnl 
(■  I),  add  F.  assessments.  Flic  .‘i.'l  pel  cent  kills  Is  in 
lab  agreement  with  die  all  pel  cent  expected  ligure 
ipimcd  in  mu  dieoieiiial  discussion  when  icmsideiii. 
lion  isgisen  to  die  hut  dial  I  bean-rage  firing  range 
U'.is  lillO  id  iiisiead  nl  Kill  nl,  die  aierage  immbei  o) 
pMAjediles  7.fi'  instead  ol  K.  and  (lie  aserage  glide 
angle  i  7  degrees  10  a;‘,  ( |t-o| ces  in.slead  of  2(1  degrees, 
I  lie.  a  bos  e  ligllle  ol  !l'l  pei  :  elll  kills  is  <  om|)ai  able  1 0 
die  result  pi  el  iousls'  shown  lor  III  i  I  id)  dept  III  join 1|; 
aliai  ks  on  sisible  subinai  ines.  using,  sis  bombs,  lor 
die  peiiiWl  Apiil  C  hiobo'i  id  If),  naliu  !y  ,'17  |iei,  relit. 
(See  fable  .:i.j  ll  is  diesame  as  die  liglire  pi  n  iousls 
dii,nsM  lm  .six  I  uited  .Spiles  ileplli.  bombs  (based  on 
\  I)  ,iss<  ssmi.-uls.  all  allaiksg  I  held  sc'en.is  tilde 
ilmllii,  (heielore,  dial  mckelS  are  ol  ahonl  tile  "same 
i Ii  glee  of  ellei  liseuess  as  depth  houilis,  although,  as 
public'll  mil  pres  iousls .  eat  ).i  sveajjon  has  its  oss  n  par 
I  ii  lilac  adsanlagi  s. 
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Pkiyioi.n  <:i  I A  I*  I  v  h;iv(  discussed  pn  ihirinv  in 
voln'd  in  (lu*  <Motw  of  ships  :mcl  ((>n\o\s  and  in 
attacks  on  sulnnai  lues  In  mu  lace  trail  ami  aim  all. 
I'd  mh nr  these-  niutks  ma\  lie  made  on  shIj 

marines  t oiiiaeted  during  estoit  o|  toiauv  ojMia- 
lioiis,  Imi  t hose  opera l ions  are  nol  the  only  souiieol 
( uniat  Is.  \oi  inalK.  ollensive  opeiaiions  aie  also  un 
dei'iakeii  lor  the  spetilit.  purpose  of  contacting  a;;  l 
;i 1 1 .‘ic  lv i n l*  submarines  in  oitlei  to  inlliit  a  high  loss 
rate  on  the  eneim  siihmai  ine  fleet.  While  the  overall 
aim  ol  all  antisuhmariiie  operations  is  a  negative 
one  to  present  i  he  subinai  ines  I  rout  at  t  oinplishing 
their  objet  live  this  aim  <  an  be  at  liicwd  by  both  de¬ 
fensive  anti  ollensiu1  means.  Ounuy  estot  i  is  t  learly 
defensive,  but  oiue  t  on\o\  r\t  oils  make  a  ton  l  at  t,  an 
elloit  is  made  to  attack  anti  sink  the  sub.  that  is.  to 
i-\ i- ti >/.  i a r» -nvi i  .sink!!!"  the  is  valuable 

ill  ;i  iliu’il  il< -I t ■  1 1 vi v xv;n  in  ill. ii  ii  is  < 1 1. •  1 1  tcilaiiil' 
pi  I  X  CU  It'll  1 1  Oil  l  .lll.lt  kill!*  I  Ilf  t'OllX  ON  III  1 1  II  sinking  i^ 
also  Miliuiblt'  olb-nsixelx  in  lino  I Iw  miIiiiiiii  ini'  is 
ihenlix  eliminated  liom  ;ill  lullin'  opt-i  al  it  ms.  I  In 
i  leiii  Is  olh-nsix  e  phase  ol  iiulisubmai  ine  atlixiis 
Inti-,  llic-  form  ol  xiHiihiug  lot  miIiiiiiii  ims  .mil  .0 
on  till"  till  in  mil  v.'lii  n  l Ill's  ilo  nol  iuuoi  cli.iirls 
lllicalcii  iniv  It  it'iiilh  ships.  I  hr  ilisliiii  I  ion  is  nol 
liljsoliin.  I\  I  111  n  I  .oil!  I.isi.  since  .ills  stilnn.ii  ini'  is  .1 
|Hiu  ni  i.i  I  I  In  r;i i  I  Jilrnsiu-  on  iisiih  s'  hi  i  inn. mini  lo 
lmi|.;mtl  allath  .stibutai  ines:  rh.il  m.i)  In-  d.mgcrmis 
iviiliili  (In:  ni'M  Icxxr  iniiimt  s  01  hoiii  s.,  oil  in  si  si-  iri  .is 
iimS,  iliosr  i lit iTjii 'I ous  .0  linin'  iruiule  lime. 

Methods  rm'"  ill. ii  k in"  siiliiniii  inrs  hi i'  i In-  same 
u  bethel  1 1 U'-  inlcnl  is  olh  iisne  oi  ill  li'iisilr.  Inn  i hr 
mi'llioi.ls  iinohril  in  si-.in  liiii"  loi  h  snlnn.il  im-  (It- 
jicml  on  i  lx-  .mi.  ol  (in.'  o|ii'i;iiioii.  I  it  |  .;t  1 1  i<  ol, ii.  ilr 
Ion  si  1 1*  ojvi  ill  ions  me  i  ;n  ricil  on  I  I  ail  lx  i  lost*  io  i  In; 
ships  being  dclctided.  xt'bt.-icas  olhnsixe  opet .ii ions 
nit  i  oi  ii  i.i  >  1 1  ,iliil  in  i  In-  regions  u.-m, Hiring  I  In-  inosi 
Mills,  min  i  i  liings  In  in»  ii 1 1 1 . 1 1 .  I  liis  i  liiipn  i  will  mil 
line  SOI  IK  ol  i  In-  I  oiisitliiaiioiis  iiiMilsi  1 1  ill  I  out  Im  I 
illg  ollellsix  c  scan  Ill’s.  I  hill  grlirl  ill  l\|icsol  sinill 
i  ion  mo  iiivoh id. 

I.  Smith  til  till  turn  in  xvliith  olio  oi  inolo  sub 
ilia  i  i  nos  ;n  o  1 1  tot  i  i'll  I  lo  lio  |  in  Ii  oiling. 

V  /  nhi  i  rj/lii/li  til  uihtimi  >  in's  in  nans-'  whose 
paths  arc  thought  to  pass  tin ougli  a  t  t  i  tain  it  gion. 


.‘I.  I  tilltm'  ‘i/i  nj  tun  hit  Is  made  some  linio  previ 
oush,  and  ilioii  lost,  lor  the  purpose  of  finding  I  In- 
submarine  again. 

I  hose  problems  have  been  discussed  in  general 
i oi  ills  in  Volume  -H.  Smith  mid  Si  i  rt  niii",  Chapters 

7.  and  H,  bin  uni  will:  spot  nl  referent e  lo  searching 
I  oi  siihmai  ines.  In  ilicsc  <  haplcrs  tlciailed  methods 
are  (lest  tilled  lor  designing  start  lies  in  a  great  variety 
ol  laiiiial  situations,  and  the  basic  theory  ol  search 
is  ilex eiopetl,  whit  h  applies  lo  scan  h  lor  submarines 
as  a  spctial  case.  Consequently  the  following  discus¬ 
sion  is,  in  a  sense,  a  rex  iexr  of  material  presented  in 
Smith  mill  Srirriiiiifi,  with  emphasis  on  the  antisub¬ 
marine  applications  and  operational  data  relief  ling 
i  xpiiieMcfi  in  aiilisubmai ine  warfare  |.VSU’j. 

111  .SEARCH  Of  AN  AREA 

When  .nailable  intelligent  t-  intlitales"  that  sub¬ 
marines  are  on  paiml  in  a  cenain  region,  start  It  lol 
i  In  in  will  lie  pioditilixc  o!  i  on  hit  is  in  propoi  lion  lo 
i  hi1  diiisiix  ol  si  1 1  mi  a  i  ines  ami  lo  the  a  lea  whit  It  can 
In  i < ix ci c cl  In  the  seai.i  liing  t  rail.  I  lie  general  ton- 
sideiai  ions  nl  Chapter  .’I  ol  Smit  h  mid  St  rrriiinn 
applx.  assuming  the  axaifablc  iiiielligerit.e  to  lie  eg 
piessctl.as  a  pmliahiliix  densilx  I  tint  I  io'lt.  'I'oi  agixcil 
it'iiHiiou  /i.t.v.vi.  i  Ilf  i  lial'ii  cs  of  suet  ess  tile  dclet- 
iiiiiicd  In  the  scan  h  rale  and  t  ly(;  amouir  nl  seari  h-. 
ing  rlloii  available.  III.  oitlei-  to -liaxc  .hi  elletflive’ 
scan  h  the  scan  liing  trail  most  either- be  many  in 
nmnlici  t >t  have  a  huge  sweep  rate. 

1,1  1  Aircraft  Searclrfor  Surfaced 
Sit  Inna  t  ines 

V  ii  1 1  a  1 1  me  onjsi, Hiding  lor  hating  a  latge  sweep 
tan-  hi-cause  ol  their  high  speed  and  .distant  visual 
huii/oii1,  I 'hex  an-  normallx  resit  it  letl  toxivuul  and 
i  aila i  de-let  lion,  hfiwexei .  and  ale  i  Ill's  diet  I  ix c  unit 

n  XX  lute  i tie  ait  line  \  ul  ieii’llii^i-nu-  is  el  gi-cai  iiiipiiiiiiiiii-  in 
(Iff  iflil i«r  on  I  he  | >l;i 1 1  o!  ;m\  sf;iM  li  o|H'i;il  ion.  \iw»;  if  dcfc.liihirs 
ll:c  ill (%i  I  hill  should  he  sc;iu  lied.,  nu.ilvsis  of  llic  ;u  <  |||,u  v  Ol  dif 
Icicnl  i\  |m  \  nT  iofclli^ciu  c  is  IxaoikI  f  he  m  o|m-  t>l  fhjs  tlisf  ussion. 

*>  See  <  h:i|>lt'is  I  and  ol  V  olunic  LJIV.  Srunfi  owl  N/  irrnhtu, 
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against  sml;ur(l  (or  S<  Iiiiok  I icl i t ii^')  submarines.'* 
Consrquemlv  i hi*  density  which  must  Ik*  used  in 
studies  <>l  aiiciail  smith  i*  die-  density  n!  sm  laced 
submarines,  and  a  iri*ion  in  which  ilu-ic  air  main 
snliinai  lues  al!  of  which  are  submerged  is  noi  profit 
al)tr  lor  snai  ill  in  a ii  i  i  a  1  i . 

As  an  example  nl  ihr  nfliirnre  ol  the  submarines 
suhnuTReiK  e  tactics,  ihr  ollshore  «ain  dim  can  lx* 
used  lo  illusuair  the  sij»nihc amV  <»I  nv(*rj>  rains,  h 
was  experience  tha*  .!::vd:  pa!;**!  w:^ 

rdatiu-lv  most  elieclive  when  cairicd  out  al  a  ion- 
siderahlc  disiailc  e  Iron)  shot  c  bases.  since  submarines 
t  lose  to  i In  mi  wi  re  <  aui  ions  ;md  spent  a  iarj»c  I rat  i  ion 
of  the  linir  MihinetRctl.  As  an  example  ol  the  pin 
nonwnmi.  (lata  based  on  Moxmciii  Sea  Frontier  llv 
inj»  ai c  ol  interest. 

Ihr  legion  u  luh  i  studs  was  divided  into  /ones 
«J0()  miles  wide,  that  is:  0*l?i)u  miles  from  land.  JOd- 
100  miles.  1 00  (iOO  miles,  and  tint)  «S0(l  miles.  I  he 
n  mil  her  ol  tie  I  mil  am  )  all  t  oniai  is  in  eat  h  /one  was 
ton  m  ed.  and  an  e\pC(  ted  mini  her  mm  puled,  whic  h 
\\  .is  I  used  on  die  mini  her  oi  fi  \  jii«»  In  nil  s  in  ea<  ii  /one, 
the  total  drn-.il \  ol  1’  boats  in  I  In  /o)|c  .  .md  an  .is 
'•tilled  .’*-111  i U-  sweep  w  idlh.  In  this  wax  tin  homes  ol 
I  aide  I  weir  derived.  1‘he  <  lit •«  live  sweep  width  is 


vond  (hat  jju  hievable  Ip  visual  means  is  oj  greaL  im- 
portante  in  aiea  scarth  (or  in  am  other  i\pe).  F.arh 
radars  did  not  have  a  detection  ratine  sufficient  l\ 
girtil  to  cm  red  that  ol  visual  delta  lion  except  in 
periods  ol  darkness  oi  low  visibtlitv,  Inti  the  newer 
types  are  powerlnl  enough  lo  do  so  a  large  pari  of 
die  time.  I  lit'  older  r  ular  was  valuable  chiellv  In* 
cause  il  made  coniacls  in  periods  of  low  visihiliiv 
when  l  -boats  were  .unlaced.  Data  on  Anm  Air 
I  '*'**•  Xiifs-Suhinas  is:c  (ainunsmri  living  in  Fasten) 
Sea  Frontier  lot  Mav  through  October  l(d  12  and  in 
i he  I  i  inidad  area  lor  Otioher  and  \o\emlier  both 
beat  1 1i  is  out,  as  is  shown  in  Table  2.  In  these  eases 

I  via. i  Rad. 1 1  m  i  -ms  \  wul  stait  h  dm  mg  I!)  12  bn  in  nr; 
nl  limn  s  |>ri  t  tii  ii.it  1 1. 
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the  \ alue  ol  i>\eep  uieh.Ji  iliai  w«M.ild‘ha\e  lo  he  used 
in  ( otu pula <  ions  l.o  ban*  J  hr  c  \  pc r  tei  I  nun  bn  oj  mir 
i arts  equal  in  die  number  ,u  rtr.dlv  ohiaiiti-d.  I  he  in 
(ieasi  ill  till  <  l  he  sweep  width  oi  "pet  rent  te.dii^d 
as  distance.  Until  \hoir  bases  is  iiu  leased  is  pmbyjdv 
due  lo  a  i<  las. it  ion  of  pic-cautions  In.  the  l  boats. 
Whatever  its  cause,  boUrVrl.  il  is  evidence  ol  the 
d.esii  abihl  v  ut  living  at  <  onsidca  able  distance  from 
shote  bases  when  on  ollvnsive  paiiol. 

I  he  use  ol  radar  to  increase  the  sweep  width  he 


'■  Special  gr.n  in  the  tin  ill  o'  ‘.oiuiliiiois  or  iwig.*u  In  un*n/hti\ 
tlrtctfuiy  {M.M){  .lie  .iv.iil.ihh*  Ini  dcKilimi  nl  Mt’.iinu Mill 
Wcnruies.  i  Im*v  will  l*r  dFc  iom-c!  I.itei .  since-  tin-  sweep  i.ues  .nr 
•a  n  small. 


us«  ol  tadai  dm  iii!»  i  he  daytime  did  not  do  verv 
m tic  h  to  ledtic.r  die  nmnhei  of. living  hours  required 
to  se<  m e  ,i  c oni.u  t .  hit t  tadai  used  at  nigh;  was  mam 
i  i i ties  more  c.-ilec  l  ive  than  in.  d;i'  time.  1  In  c  hiel  e\ 
phi  Mill  ion  is.  mi  doubt,  that  l  'boats  wei  e  suhtnel  n«-ii 
in  these  legions. dm  ine.  the  chivtime  and  uc.iod  opj>or- 
i  ini  it  rc  s  lor  <  oiU.'u  I  ii\T  d:efu  Uy.i  e  olfrn  d  only  at 
1 1  i.t<  f  i  l .  • 

fhitiol  Ik  ii'Jit  isal>.i,<vf  impoi  ti'iuce  i.ti  arh‘ie\  ini*  the 
ma\Vi.miin  uvrrp  line*,  loi  hoi/i.  visual  and  ladar 
se.uc  Ii  t  he  all : 1 1 ide  mu.sl  he  Millie ,jen(  I  v  liinh  lo-|»i\'c.a 
distant  liot  i/oij.  and  lya  v  istial  sesu c  It  t he  incrcsisi'cl 
ajipai eni  aiea  ol  the  Wake  is  also  oj  impoi  t-.mre.  as 
explained  in  (  ihapua-  I  ol  Volume-  2.  I  lie  I lieofer ic al 

I  Mil  i  Scu-ep  n  lor  jiioaK  vioi.il  m  .iu  Ii. 

1  sui  l.ac'C-tl  sol, in. n  inr  e.iitlt  i  wav  ,i 

Miiliult?  tfet  li  X  Mliililv  .!  miles  ViM?»ili<\  1“,  miles 
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table  of  .sweep  rales  presented  in  1  :i I >!f  ,‘J  shows 
dearly  the  advantages  ol  high  allitutU*  for  visual 
search. 

As  :m  example  of  opn at  i< >i::i !  data  c  onfiiniing  « he 
value  of  Hying  at  fail  height.  data  on  sightings  in  the 
Ba\  ol  Biseav  area  timing  Ma\  l!M.‘»  ran  he  quoted. 
Table  I  gives  ihe  sightings  jht  10(1  sorties.  As  would 
be  expected,  ailiiudcs  « »\ c-t  IfiM M)  li  give  onh  a  slight 
gain  when  rmieomlngical  visibilitv  is  low  but  have 
considerable  advantage  under  good  visibiliiv  coiuli- 
( ions. 

I  he  question  max  well  be  raised.  however, 
wheilier  the  high  altitude  is  not  a  handicap  in  de- 


liveiingan  attack.  The  aircraft  must  lose  all  It  nde  to 
make  a  low-level  bombing  run,  winch  would  some¬ 
times  slow  up  the  approach.  The  overall  results 
shown  in  Table  V  do  not.  however,  indicate*  join  sig¬ 
nify  ant  elit  e  i  ol  this  sort.  It  is  probable  dial  l?-i)oai 
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lookouts  have  tended  to  mini  the  hot  i/on  in  seair.li 
lot  air/. i all  so  that  the  highei  living  aiuralt  have 
somewhat  ol  an  advantage  in  appioadiing  unde 
lec  ted.  Iii  an v  event  tire  n.ei  all  gain  of  ah  it  tide  above 

'jniHl  |[  is  { le.o. 

Their  ate  mam  otliei  questions  trlajing. t < »  dao 
most,  rlhctivr  unldui  t  of  visual  oi  iad.ii  m.uiIi  ol  a 
uibin.u  ini  p.viiol  ,n<:\i  tv  aiiv  ialt.  1'Jie  g«-|ie)  .il  pn»b 
leill  I II \  ( *  1  \  t  d  is  lo  at  lilt*  e  die  besl  pussibli  wvrtj.) 
width  and  lin  n  J,iv  out  :rpau *ol.  uh<  i  e.  •airh'u  i  d  sub 
inarin'vsaie- d.eiist  in  'Lie  rbiaiai  u  e  wit'll  (.hapteis  > 
ah.d  /  ol  Voliiiik  ‘j B ,  Si.itiili  {imi  NY'mv  *nng. 

I  b.e  advent  ol  Sehiiojo  h«-l  diustii  allv  lediit  ed  die 
a.iu.):a(t\.  seal i  h  i  ipabilit iet:  because  both  i.idai  and 
'  isft«d  su  et  p'u’idt  b  oil  \  imoi  c  liej/.ai  c  mm  h  less  l  ban 
on  -  sin  la  i  ed  .(  boats  a:  <,m  ding  to-  most  estimates 
on Iv  I  10  (o  i  ION  as  gir,ii„  I'o  a  slight  esu  m  this 
rerlmlion  is  i  oiiq  jc.tis;md.  bV  the  S(  linoi  c  lieling  U 
bonds  need  in  mu  inn  in  !*•*.(.*  it v!  Iota!  ;«e;e..  die 
niea  lo  be  scan  lu.d  In  either  ail  i  r.ilL  or  sm  inr  e  c  i  alt 
bring  thus  much  i educed.  A  net  lesnli  Iras  been  a 
marked  increase  in  die  impotiance  ol  stulaie  ckiIi 
search  ennip.v.rd  uiili  dial  h\  aiuralt  lot  submariih  s 
opei  a  ting  on  Sc  hi  wire  hel. 

lo  some  extent  howevei ,  am). ill  inn  (onduit  a 
sol  nil  seat  ( !i  by  use  of  sono  buovs.  II  die  subinai  iue  is 


pi  ot  ceding  at  high  speed  on  Sc  hnoi  i  hel  and  is  diet  e- 
loi  imisv,  die  ellec  I  ive  sweep  laic  ol  a  group  ol  xnio- 
buovs  monitoied  l>\  an  ainialt  mav  be  comparable 
to  that  ol  stu  laa*  oah  using  soti.ti . 

SinTace  (h  all  Sea rdi  and  Su bmerged 
Submarines 

Ihe  i  ole’  ol  sot  hire  (Vail  in  si  ai  (  liing  gt  i(i,  arc*!  is 
Umiled  bv  iluii  small  sweep  )  ale.  Visual  and  irtdar 
del  i-(  i  inti  i  angc  .■>  an*  shot  nr  than  for  ait  nail,  aftd  the 
speed  ol  dfe  ship  ven  mmh  Jess. '"I  able  li  presents  a 

I  \»ti  >  i>  Stvn-;»  ». in.-*,  mull  i  mimmk  < « >i i«  1  i t i* *i is  tin  m| 
mile*  j.rl  I  u  mi  I  >. 
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( omparison  ul  t  \  pie  al  aim  all  and  mu  Lit  r  <  rail  •sweep 
rates.  Visual  scare  h  In  surface  n  ail  is  not  likels  in  Ik 
rllcctivc  since  i hi*  submarine  cm  aimosi  ii i v ;i riat>) \ 
see  the  sur  lac e  t  rail  in  time  to  diw  In- Ini e  Hit*  mu  hue 
nail  sees  ii.  I  bis  v  isuai  search  lias  purely  holddown 
value  ami  is  noi  cflei  live  in  an  ollcn.siv  e  sense.  Radar 
M  an  h  b\  surlaee  t  rail  iindn  low  \  isibilii  \  t  niidii  inns 
liiav,  nil  die  oilier  hand,  be  e\ peeled  In  lead  l<»  con 
iat  is  mi  am  mii  laved  submarines  unless  dies  .in¬ 
filled  willi  seiin  b  iceciveis  and  dive  upon  being  .ip 
prnac  lied.  for  surfaced  submarines,  lumen  i.  die 
surlaee  nah  have  a  considerably  smaller  sweep  rale 
lhati  a irn ah .  sn  dial  die  tbiel  mlenl  si  1 1  ln<  .•  n all  is 
< undue I  iiif*  starches  Ini  submerged  subs,  a  lash  Ini 
whit  b  air.  i  all  an  nut  t  lb.  <  ( i\e. 

1‘lie  sweep  i a les  lm  aimall  using  nnignrlit  tow m 
tily  tfrlrtlni\  (MAI)  |  oi  sotio lump  in  hunting;  sub 
Hieigcd  siibmai  ines  an*  abmu  die  same  as  dial  lor 
surlaee  ciali  mi-tig  sonar,  accoi ding  in  I  able  Ii.  1  he 
c nmnarisnii  is  not  a  eoinplrlelv  lair  one,  Imwevei.  In 
die  liisi  place,  die  ahiialt  figures  are  based  on  trial 
1\  stills  .uid  li.iVe  ilol  Ikcii  cornplelelv  subsiani  iriied 
In  operational  ciaia.  Opetal  imtal  expel  ieiicc  has  m 
(heated  dial  c  I:ism*Ik«iUuii  ol  M  AM  and  sono  linen 
n  niac  Is  is  panic  ulai  Iv  dillic  nil.  In  die  snood  place, 
ncilhei  nl  diem  gives  an  accuraie  dciei  initial  ion  of 
the  subinai  ine  s  position  bill  oulv  a  grin  fid  indn.i 
linn  nl  i  is*  pi  esc  iic  e.  and  it  is  dillic  nit  in  make  an 
elkc  tin  alt.ii  k  nil  c  milat  Is  nl  ilusivpi-. 

I  lie  jhim.n  v  task  ol  Mil  hut  ciali  in  niea  seaic  h  is 
lints  son.n  scaieh  h»i  submerged  sirhmai  ines.  such 
scan  Ii  <  ,ni  lie  elh  c  i i  \ e  old v  il  die  mi  In  mil  iurs  an-  c  on 
cell  1 1  a  led  in  a  sina  1  l..u  ivi.  si  in  (  i  Ik  sm  lac  e  c  i  a  1 1  MvV<  p 
tale  R  so  small.  I  n  search  an  aira  101)  liiiles  scpiaJe 
.willi  live  ships  lecpiiit-s  abom'  b  clavs.  whereas  a  single.' 
airnall  can  scan  It  liic..yiimc  ai c-a  fm  sui laced  suhs  in 
I  (ion)  s.  Ac  *.nn|inv»lv  there  aie  t  rial  i\  civ  lew  c  iic  mii 
Manc.es  in  which  sin  hue  c  i  ah  call  he  nnplovrd  pinlii 
ablv  f oi  area  scare  h 

In  sol iic  estc.ii!  liig.Vhcipietn.v  dim  lion  finding 
|  Dr  |  e\n  lids  .die  seal  eh  c  apabvlii  ies  ol  sin  lace  (Kill, 
since  il  enables  die  ship.  In  lake  a  beating  on  a  sub 
marine  uanstiiiningoii  high  lu.tpu  n;  v  wriibm  about 
20 or  ,10  miles.  If  i  he  siibmai  inr.s  U  ansmii  Impicutiv . 
as  GeNiiaO  l-boals  did  dining  die  bright  t >1  l.lu: 
Kalllc  ol  die  \ihimic.  Ml*  can  inmase  the  nidai 
sWi’C|>  I  ale  b\  c  l.u  t.n  of  lip  In  ‘I  nl  •  h>l  sill  bn  eel  Mib>. 
A  1)1'  comae  I  is  not  ipiiic  so  valuable  as  a  radar  con 
:.icl.  however,  because  it  is  less  definitely  localized 
and  more  difficult  In  c  oiivn  t  into  an  a  I  tack. 


Fundamentally,  then.  smbnc  ciali  search  of  an 
ana  is  a  mailer  ol  sonar  search.  World  War  II  has 
not  ollcrcel  wry  mans  opportunities  lor  such  search, 
surlaee  eralt  having  been  put  in  elk-cine  use  maiiilv 
in  lollnw-up  nl  contacts  and  in  delriisiv e  operations, 
and  c  onsecpicni  k  link  in  the  wav  of  opera  dona) 
data  is  :i\  ailuble, 

One  lac  i  i(  al  prim  iple  should  be  empbasi/cd,  how 
evei .  i  hat  ol  scare  hing  in  groups  in  line  abreast,  The 
i  hem ci ic  al  icason  lor  doing  ibis  is  dial  a  submarine 
lias  a  good  chance  ol  c\  ading  a  single  ship  l>\  steering 
to  one  side  at  high  speed  when  tin*  approach  of  the 
ship  is  delee  led.  figure  I  shows  die  dial  of  such  eva¬ 


sion.  ]  he  "i  im aprneni  mangle'*  is  drawn  tangent  lo 
dn  .sonar  d<  i»  c  1  ioii  c  tie  le  with  limiting  escape  lines 
cliilwnai  angle  sin  1  m.i  h  speed  ship  speed.  I  n  this 
wav  il  i>  analoguirx  in  die  subiiieiged  approach  /one 
except  dial  I  lie  submarine  is  tiv  ing  lo  get  out  rather 
than  in.  As  ran  be;  seen  bom  Figure  I  seitiehilig  in 
line  abieasi  makes  such  .evasion  impossible  eseppt 
horn  positions  near  the  ends  ol  die  line.  S'ome  theo 
ictical  /.ojisielei at  ions  enneerning  <(,af,ch  iii  line 
abieasi  ale  given  ill  (.haplcl  Ii,  Volume  2J>. 

I  licit-  are  also  main  piactica?  reasons  lor  search¬ 
ing  in  line  abieasi.  The  ships  are  close:  enough  lot 
cnuv<  idem  c  oimmmicau ioiis  amt  know  dh:  position- 
of  t fic.  it  lellu  v  ships  ai  all  times.  Siiniiarly  die  ships 
aie  icadilv  recognizable  l>\  ai) craft  or  oilier  forces  in 
the  aiea,  even  :n  night.  In  addition  ships  are  in  a  pod 
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lion  to  vuoniiiKiit'  (hiring  atuick  ome  ;i  contnci  i> 
m.idc. 

It  is.  in  l;u  t,  ahnox  nhv;i\s  valuable  to  carry  out 
oljensive  operations  in  groups.  il  a  giVuTp  ol  units  is 
seni  out  at  oner  on  parallel  sweeps  (or  10  patrol  the 
same  area  according  to  mmiic  load  pian),  am  unit 
making  rnniact  has  immediate  assistance  available 
(provided  ccmtnmmc  atinns  are  sat islac  lorv },  and  all 
the  other  units  cm,  il  desired,  enter  into  the  process 
o|  attacking  or  lolhming  up  the  comae  I.  In  this  wav 
the  <  hamc.s  ol  sinking  the  submarine,  once  <  ontac  t  is 
made,  are  \er\  maleriallv  itu leased  over  what  ihev 
would  he  with  a  single  attacking  unit.  As  a  halanc  c  to 
this  gain  is  the  necessai  v  loss  in  probability  ol  making 
contact  which  text  Its  Irom  concentrating  too  much 
ol  the  seal  clung  ellort  into  a  pa  i  lit  ular  area  or  period 
ol  lime  to  the  exclusion  ol  some  other*.  I  hesf;  two 
considerations  imisi  he  weighed  and  the  I  test  com¬ 
promise  achieved.  W  hen  the  aiea  to  be  scare  he  el  is 
lather  huge,  however,  as  is  usuallv  tile  c  ase,  a  search 
hv  a  group  ol  units  covers  it  onlv  verv  incompletely 
and  theie  is  no  djflkuliy  with  "over-searching.”  In 
sin h  a  c  ase  ollrnstve  patrol m  groups  spaced  ,-is  c  losclv 
as  } K»ssihle  without  oua  lapping  ol  the  at  ea>  seal  c  lied 
hv  individual  units  is  <  Icarh  desiiahle,  (.roups  m;i\ 
involve  <i in  raft  05  Miihue  rraJt.  or  hoth.  The  basic 
idea  is  si  m  ph  to  pi  o\  idc  loi  c  ooiclinatc  d  an  at  k  upon 
am  conian  that  is  made  without  applet  jahle  loss  in 
c  llic  iritc  v  ol  (list  1  ihiit.ion  ol  ■>(  aVc  h  ellm  t . 

1 1'2  i>t  i:r<;i  i»t  ion  or  Transits 

In  nia.it  y  rases  it  is  pntliia  blrto  1  in  lea  v  01  to  inlet 
c  c  pr submarine  ^  t  it )  onto  to  1  licit  pat  i  n]  an  a  and  al 
l;|<  k  them  hlilo)iJ  they  an.  able  to  bee  miiic  dangei  oils. 
Suliinarines  in  it ■Tiisil  mav  he  thought  ol  as  unking 
up  a  moving  c.lc'iisitv  distribution  /as  opposed  10  ,1 
stationary  one  lor  those  on  patrol)..  I  his  1  ompai  json 
is  « I  isi  nssecl  {ji  d/tail.  in  ( baplci  7  ol.  Volume-  If  I  *  and 
the  apptopt  iato  inodifa  atioiis  in  searc  h  plans  an  ch 
sc  i.thc'd.  As  a  result  ol  this  movement,  the  <  hinsoyc) 
ivpe  ol  bailie*!  patiol  is  usuallv  die  most  elite  imi.  as 
was  pointed  out  in  Volume  1/Ik 

This  movement  doc  s  not,  in  itself,  rnake  detection 
ol  the  submarines  vi/vnlvcd  auv  easier  hut  olleti  re¬ 
sults  in  a  nioie  ac c  mate  estimate  o!  1  he  submarine's 
position  titan  is  possible  with  a  stibium  hie  on  pahol. 

I  his  may  be  very  strikingly  true  il  the  subinaiincs 
ate  c oust } ainod  to  pass  through  a  reialiveh  iihhow 
region  while  on  passage  to  the  patrol  ana.  In  such  a 


tm 


case  tlte  stibium  i/te  densitv  is  nil  1  c  II  highet  in  (he 
ft .  1  i  1  s i t  an  a  than  ihe.patiul  atca  and  c  onseejuent I) 

•  In*  lonnei  is  tin-  bettei  aiea  lot  e\  plot  cut  ion  hv  an 
am  isuhm.n  ine  oih  nsivc.  ol  bet  things  being  equal. 

1  ;‘J  The  B;iy  of  Biscay  OMcasivc  y 

I  In  outstanding  n.nisji  mi ( i!  ol  i  h  is  ,(a  | ic  hills  been 
1  lie  li.iv  11I  liisi.as  oil  (lie  l:  liiials'  l  icnih  jvtuis  ol 
liic nl .  1  >■  >1  ii  in .  Si.  \ii/:iiic.  and  ha  J'allice.  All  l: 
boats  I'lin  1  iiij>  01  I r ;  1  v  i  1 ) l>  these  polls  had  10  li.inj.irl 
ilnoiiuli  dir  li.n  wii  Ii  in  irtuli  ol  Ui  ;(ish-!iasrd  aii 
tout.  Ml  (hill  excellent  oppoMunit  ics  loi  ailnikin.n 
i  duals  wcii  |>i i  si  irii'd.  (Src  Jiti'uir  Lin 

All  anahsis  o!  (hr  jiossiliilil ics  ol  an  ollclisivi;  ill' 
die  lia\  was  made  lair  in  I1ML.V1  sonic  ol  whose  salinil 
aiyiiineiils  ale  disiusscd  here,  llie  hash.,  idea  was 
dial  die  ('boats  had  to  spend  a  lair  amount  ol  time 
on  die  sin  late  1 1  ossi iif-  the  litis  and  i hot.  (hci/efoi  r  a 
"  I  >.i  I  ;i  1 11  <•(  I  "  lolic  lapablr  ol  t . .  1 1  s  i  1 31*  out.  diet  live 
scan  h  liotli  das  and  ni.nlit  would  be  able  to  inlctccpl 

'I  C,1! h  i, i n<>i)s  Krsr.ucii  Srcliun  (  o.isul  (  t >n 1 1 ■  ooi< { , 

\n.  lit  I  f .  hr  f ///»■«(/.  v:  fgatnsl  l  'finals  in  J  htn\H,  IHtciIiIht 
lit.  Ml  17. 
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a  large  I  rat  lion  of  I  he  I'lxial.s  and  inflit  i  very  serious 
losses.  (Selinori  hel  was  not  it)  appeal  uni : I  long  aflci 
■  his  lime.)  Us  adopting  i;ia\iinmn  -submergence  tal¬ 
lies.  I  lie  l  -lioal  could  lediite  ils  lime  on  ill;-  surlat  e 
(luring  am  given  das  vers  great  Is  .  Inn  a  grcalei  mini' 
liei  ol  ilass  was  retpiired  l<)  <  toss  die  Has  In'atlsenl 
die  slower  spent  insolsetl,  and  die  entire  passage 
roiild  not  lie  made  suhmciged.  I  In-  tie!  gain  I >s  sub- 
imaging  is  shown  in  Table  7.  assinning  a  aOOniile 
I >a 1 1 < i  tosered  bv  aiivrali  amiss  whirl)  die  f  boats 
mils!  [ii's.  I  Inis  die  I  boat  innsi  spend  aliom  la  hr 
on  die  ..til  late  ill  (Hissing  die  Has  even  when  using 
inuMiini'ii  siilmiiTgeiK e. 
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Ivl'lelt  O  .'mi  1 .1 1 1  siw  t  p  rale. 

h  II 1 1 1 1)  I  >(  I  ol  Ils  ing  houis  pel  nioillli. 

I  a  I  I'a  insnlst-d.  . 
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I  lie  .0  e.i  involved  is  a  I  mill  .‘{(111  miles  si  pi  aie  so  drat 
die  hours  letpiiied  ate  us  given  lis  I  aide  H. 
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These  figures  loi  living  lioms  per  mouth  can 
i  radils  lie  intri  pi  t  led  in  lernis  of  die  number  ol 
planes  requited.  A  long-range  plane  is  iionnaliv  t  a- 
pahltol  Ms  ing  a  I  mi  1 1  all  hr  per  moil  I  h,  so  dial  a  lort  e 
ol  about  III  sinli  planes  equipped  with  remiimicr 
ladar  would  he  adequate  lo  conlarl  each  l!  boat 
i  tossing  i lie  Has  (  )  lie  living  retjuired  logel  hack  and 
loll ii  1 1 out  base  to  die  active  Has  area  would  not  in- 
1 1 ease  t  his  figure  great  Iv.) 

Hie  comparison  til  atlual  results  olilained  in  die 
opei  a  I  ions  with  I  hese  pi  edit  I  ions  is  of  purl  it  ular  in 
1 1  Test .  Sim  e  die  sit  un  I  ion  changed  rapidly  It  uni  l  iiiic 
to  lime  the  data  preseiiled  in  Table  !l  are  given  h\ 
months  and  divided  into  lluee  periods  correspond- 
ing  It)  sai  ions  stages  of  die  hit! lie.  Average  values  are 
gisen  loi  eat  h  pel  iotl.  At  die  end  ol  die  third  period 
die  ntunhci  ol  tiansits  dropped'  ofl  shaiply  and  l  ■ 
boat  aelisils  did  no!  again  jeatli  the  pres  ions  It  s  t  I . 

I  Mill  !»  RimiIin  of  IMiv  ol  Him  ;i\  nllcuM w. 
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INTERCEPTION  OI  TRANSITS 


Tlir  first  jHTiinl  involves  night  fl yini;  In  ^Wiling- 
ion*:  ctjuippeif  with  l.iigh  l.ightx  ;uul  im*t« *r w;iv e 
Onl\  about  10  aim  all  writ*  mi '‘quipped.  !>i 1 1 
ill*.1  overall  rrsiili  was  to  .Mghl  almost  (he  transits. 
Siiuc*  die  iiuihIkt  of  II \  ini*  hours  pel  innnili  was  only 
sligltllv  nioiv  than  hall  lhal  quoted  in  fable  >\  lor 
meter-wav i*  radar,  ihix  result  is  not  lar  removed  Ironi 
that  jncilit  led.  Aciuallv  i lie*  predit  led  average  iiiiiii 
her  of  sightings  would  hr  !0,  die  npci  at  ional  results 
‘»0  -a  piellv  (  lose  agreement. 

Dill  in*;  i I ic  lulJouiog  mouths.  however.  h;it- 
i  ion  oi  ti  ansi  is  sighted  dn  I  hied  imn  kedl  v .  rrat  I  ting  a 
low  i >1  10  per  mil.  lo  some  e\lent  lliis  in.iv  have 
Iwen  a  seasonal  elicit  betause  ol  the  dillit.  nil  ies  o! 
living  in  w  inlei ,  htu  (he  thirl  reason  lor  the  <ho]> 
was  untlouhledlv  t  he  in  Mod  tit  I  ion  ol  seal  t  It  tec  ei  v  ei  s 
(Ml  l’ boats  whic  h  tould  illicit  meteiovave  i.adai. 
lliis  development  pel  mined  (he  l’  boats  in  Mil  late 
ai  night  wiih  Ia.ii  saleiv,  and  ihe  ail  trail  available  no 
longer  const  it  tiled  a  balanced  lone.  (See  (lliapier  I  1 
lor  i  tit  I  fie  r  discussion.) 

liming  tile  spring  <>l  I0l‘>  du  Leigh  high*  Wel¬ 
lingtons  Wei e  etjuipped  uitli  <  eutiim  ier  .aadai  and 
i esulis  dm  i ui'  ilit  i liml  pei  iod  were  i  <>m,<sj><mdiiiglv 
impnived.  I;U  jmieand  j <i f v  1  In  Ii.k  i ion  nl  Mansiis 
sighted  had  liv.ii  to  1 00  pej  tent,  a  tenfold  iutitase. 
though  die  iiumht a  ol  living  hours  in  those  monilis 
was  r)iilv  hi'Mii  twice  whal  ii  had  been  in  pievimis 
pel  Km  Is.  )l  all  ihe  plant  s  had  been  lined  w  iih  <nni 
nielei  I ; t « l«t r .  an  even  highei  Mghij.ng  i.Me  would  have 
hern  evpet  let  I  oil  I  he  basis  til  I  aide  S.  "ini  el  In  I  e  was 
(  cillsidi.M  ahlv  mole.  Hv  ill"  ih.Ul  1 1 1 1  I  SOU  hniils  pel 
inonili  which  sli*»  aid  produce  loo  pei  tern  sightings. 
Such  was  Iiol  I  lie  cast.  howt'Vri,  and  l lit”  avri  agr 
sweep  i. ne  ol  all  plant'**  invnh/’/d  w.ls  ptohahlv  more 
in  ill  l\  lhal  ol  nit  !*  *  rail. n.  <  In  ibis  basis  lir  per 

lliolilli  Would  he  irtjuht  <1  IO  plodunv  K.IO  pel  trill 
s’gbi ini's,  wliii h  is  in  *y-..»d  ,igi< ■eVntvin  with  the  oh 
srt.vcd  i esidis.  J  lie.  aw lagc  nuiouiil  nl  ilvinj*  was 
V)f)0  holds  pel  llinilth.  W  Ilit  (l  sjghled  00  Mel  (rill  ol 
i he  iiaiisin.  teaching  a  peak  ol  1 00- per  lem.  during 
I  he  ht.M  sinmiiei  iiioinhs. 

It  mav  he  (  oik  hided,  i.hrn.  lhal  the  he.sl  periods  ol 
the  Bav  opeiatioiis  pinvided  returns  quite  in  accord 
ante  with  predict  ions,  hut  dial  die  I*  boats  were 
quick  in  find  and  exploit  ativ  weak  points  in  ihr 
olleiisive.  I  be  highlv  pioiilalde  periods  weic  not  ol 
long  dmaiion.  l.vcn  doling  the  low  points,  hnWcvei. 
Biscay  opr r Elions  were  quite  profitable  compared 
with  aiti  raft  patio]  in  other  unions,  since  the  flving 


hours  required  to  make  a  sighting  rarely  rose  above 
ntMI.  wheieas  in  maiiv  areas  thousands  ol  hours  wcie 
IT'S  j  1 1  iced. 

Value  of  Interception  of  Transit 
■Submarines 

I  lie  luial  cvaliinliiin  ol  an\  ollrnsiio  ngainsi  irnn- 
sii  i '  Ijoais  n u i si  bo  made  on  the  basis  of  a  compari 
sou  willi  oilier  possible  uses  ol  ilu-  forces  imolvcd. 
\\  In  n  tile  oilier  use  < oiilcuiplaicd  is  also  some  l\pc 
ol  ollcnsiie  patrol,  ihe  (hid  .riii  iion  is  lhai  ol  sub¬ 
marine  (Irtish \  (oi  dcusilv  ol  surllKed  subs  if  more 
a | (propria I e).  as  is  deuiousl raicd  in  Volume  IfH, Chap- 
i ei  ()lleusi\e  paiiol  should  he  cairicd  out  in  ihe 
legion  ol  gieaicsl  siihniarine  densitv,  siihjeil  10  rtr- 
lain  piaiiicil  (onsidei alions.  A  region  in  whidi 
weather  foiidilions  reduce  (lie  ellci  liseuess  of  deU'c 
I  ion  gear  bv  a  la<  lot  ol  (luce,  for  instaiK  e.  would  not 
be  a  piohlablc  one  lor  an  olfcnsisc  unless  (he  sub 
mai  iuc  dcnsils  llicic  was  at  leasi  ihi.ee  (Jme.s  lhal  in 
olhei  legions. 

W  hen  ihe  (onipai  ison  mils!  he  made  between  ol- 
Iciisis  e  and  dclensis  c  opi a  ai  ions,  mam  more  hu  lot  s 
mnsi  la-  ( onsidei ed.  I  he  usual  objective  incasuie  ol 
ilu  clb (  mAciicss  ol  aiiiisnliiuai i|ic  operations  is  die 
nunibi a  ol  ships  saud.  DcfeusiAe  operations  elleil 
sik  Ii  a  sai  iug  (piilc  (lit  c(  i  Is,  wIick  as  ollcnsivc  opera 
lions  hasi  an  indiiiai  cllefi  ihrongh  ledmlion  in 
niniilif) ,  o|  siihiiiai  ines  opcialiug  and  lliiotigh  low- 
ei  mg  ol  die  mol  ale  and  stare  ol  li  aining  o|  the  siili 
trial  ill!  (lens.  Ihe  lain  I.  clb  ( I  is  sen  ha  I  (I  So  assess 
ill  .ms  n.umeliial  t :  I  ms.  I',  final  s  Jias'c  lisiiiHh  will!,- 
di aw  ir "1111111  an  as  in  which  l bt’jr  ehaiue  ol  beinh 
siiitk  uas  gicaini  than  aboiil  If!  pel  i  ml .  per  mom  I) 
ol  i  hose  a  i  sea  when  l  hi  a  r  was  a  safer  a  llcinalivc.  iml 
die  high  slot  mg  -lifts-  olleti  Ikcii  assodaied  w  ith 
a  Ion  i  ale  ol  sinking  ships,  mi  lhal  (he  l '-boats  mar 
base  tviihdiawlt  in  sean  li  ol  more  piolitahle  aicas, 
i.oIk  i  than  bemuse  ol  auv  eUect  oil  moiale.  .Never- 
llii-less.  die  I'  boats'  lieasi  losses  in  HM.'l  sverc  fol¬ 
lowed  h\  a  pei  iod  ol  icrs  nnagmessise  opera  I  ions, 
(•sen  ihoiigh  I  lie  hisses  sidhred  were  iiol  (iior.gh  seri- 
oilsls  lo  diminish  (lie  si/e  of  the  I'-boal  Heel,  and 
there  is  no  doubt  that  a  lowering  of  morale  and  cn 
pci  iem c  o!  (tews  had  something  to  do  wiih  ii. 

in  older  l.o  illusnaie  die  Mpc  ol  t.onijial  ison  lhal 
i m i s I  lie  imid.e.  (  onsidei  a  In  poihelieal  silmuion  in 
wliidi  die  eiiems  has  a  lumilicd  sulima:  iues  wliii  ll 
can  spend  hall  d.cir  lime  al  sea,  Me  can  build  liw 
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pci  mouth.  Imi.  wo  sink  the  same  number  In  surface 
craft  (/.(■..  I  0  pot  t  <  ill  dI  those  at  sen  oat  ii  month),  so 
that  a  sort  of  equilibrium  has  been  reached.  ( » i sen. 
i  hen.  a  Ion  e  tom  postal  ol  It!  a  i  feral  l,  slum  hi  they  he 
eniplosetl  either  ollr  tisiveh  .  assuming  that  eat  It  stth- 
marine  transit  would  then  he  sighted  in  uiordantc 
with  etpiations  (1)  to  (‘it.  or  delerisivolv  for  estort  ol 
llireatened  cousins.  assuming  that  the  proiotiion 
ollered  would  he  in  ;tt  t.ol tlante  with  tile  data  ol 
(ihaplei  I  Or 

In  each  tase  the  number  ol  ships  sand  In  the  air- 
trail  intisl  he  delta  mined.  lot  the  oilensin-  opeta 
lions  the  sating  tan  he  estiniated  in.  the  billowing 
was : 

The  inillletliate  clhtl  ol  tile  ollotisiie  opt  lalioii  is 
an  lilt  reasetl  number  of  submarines  sunk  pel  lilt  tilth. 

I  bis  will  realm  c  the  number  ol  submarines  opeial 
ing  until,  in  the  long  run.  a  new  etpiilibi  it;ni  is 
rear hetl.  I  he  inimhet  of  stihinai  ittes  stink  per  mottlli 
will  then  lie  etpial  to  the  -number  built.  II  .V  is  die 
i  u  nil  bet  ol  submarines  available  to  the  enemy,  and 
T  i*>  the  length  of  a  xubiu.aniiv  paiiol  m  nionins. 
I  lit: 1 1 : 

.V  nunihel  ol  siilnnai  ini  s  al  sea.  and 
-  niiniht  I  ol  liansiis  liiatlc  pel  moiiiii. 


I  hr -taipahtlii  its  ul  tin  smlait  nail  ait  assunietl  to 
hr  sut  Ii  that  lilt's  sink  In  pel  (fin  ol  lilt  subs  al  sea 
pel  inonlh.  aiul  tlala  litnn  (  flaplt a  I--’ shins  llial  ii  is 
Hast  n  lahlem  assume  tliai  about  Id  pi  a  ten  l  ol  all  ait 
H a |.l  sightings  lead  lo  atta'Ls  whit  It  sink  the  snli 
mat  j tic.  (  .omhining  these  ligines  nit,J.t  die  uhilils  of 
the  ait  trail  t"  intriHpt  eat  It  Itansii.  sse  base,  at 
ft | ci i I i In  min: 


(kin  ■ 


ii.  Ill  A 

r 


..  No.  ill  siiljs  Imill  pi  a  mo 


ll)l)/: 
2  a  7 


(  I) 


The  lioinial  length.  t,l  uixr  Ini  a  l‘  boat  has  been 
ahum  2  nionihs.  I 'sine  this  sahie  lot  /  sse  hast 
>,'•••  all  suhluai  ini  s,  ssliii  Ii  is  mils  hall  the  IniVe  dial 
was  uvnilabh  in  the  ahse.ni  t  "I  lilt;  airt  rail  ollcnsisc. 

I  1 1 1  ts  sve  won  1 1 1  expci  i  I  It  is  i  illettsi  s  e  list*  ol  ail  a  I  al  I  to 
t  ui  the  losses  ol  inert  haul  ships  in  Ill’ll. 

Ibis  ligiite  t  in  he  tompaietl  with  the  diied  tit 
lejisis c  saint-  in  estoit  ol  tiueatemtl  tmisoss.  The 
experience  (piotcd  in  t.iiaplci  Itlwasthat  linn  sojtics 
pel  day  (lei  l  east  t.|  the  dails  losses  Its  about  (ia  pel 


tent.  II  t lit-  airt  rail  force  available  could  provide  this 
extent  of  convoy  coverage,  it  would  lie  considerably 
more  valuable  than  when  employed  olfcnsivcly.  be- 
tatise  tile  (ia  pet  tent  figure  measures  only  direct  dc- 
leusisi'  value  and  dots  not  take  into  account  alts 
aitatks  oil  subinaiiius  that  the  planes  might  make 
while  tin  t  tins  os  escort  tbits .  Tlu*  lot  a  I  an  it  unit  n!  a  it  - 
ti.ill  living  tetjuired  lot  dit  ionsos  estort  would  not 
general  I  v  lie  exiessise.  During  the  initial  period 
studied  piesiousls  there  were  about  20  convoy-davs 
pet  month  in  tlu-  "dii canned"  class,  so  that  only  SO 
soliies  per  inonlh  would  he  needed,  ss'hci'cus  the  nit- 
trail  ton  Id  he  expected  to  lly  ahottl  200  sorties 
i  non  this .  .Some  i  In  cal cued  t  oils  os  s  may.  htisves  el ,  he 
in  peesi lions  wltitli  titnnol  rcadiis  he  rovered  by  an- 
trnlt,  so  that  the  expected  t horoitginuss  of  coverage 
must  lie  estimated  <m  the  basis  ol  weather,  distant  eol 
1 1 in vt is  mutes  from  bases,  and  similar  hitlors.  In  the 
N'oiih  Atlaiilit.  convoys  were,  in  latt.  covered  oil 
somewhat  less  i ban  hail  the  days  when  they  sverc 
threatened.  If  this  soil  of  restriction  must  be  ac¬ 
cepted,  tilt;  expected  icdtulion  in  losses  is  only  about 
;!n  pet  cent,  svltit  It  is  no  longer  obviously  superior  to 
the  olhtisise  emplonticiil  ol  aittralt  in  the  transit 
a  lea.  As  a  mailer  ol  lad  the  sightings  made  (ahum 
la  pel  inonlh)  ivete  about  enough  to  make  up  the 
(list  ii  pains  between  .‘11.1  per  tent  and  50  per  tent 
saving.  : 

Sm  h  a  1 1  nil  pat  isoii  is  uev  ei  Mi  it  I  Is  valid,  bosses  ti 
hei  a  use  1 1  is  made  tin  die  liilsis  o|  an  ei|iiil  ihi  imil  toll 
dilion  which  is  not  upptoat  lied  sets  tptitkls.  II  sve 
i  m  is  it  ft  a  A  to  he  a  I  in  it  l  ion  ol  l  iutc.  f  lien  equation  ( I ) 
is  icphitcd  by: 

llls  (I,  If)  ,.--N  -i.  tl.  |trv  -  5  (a) 

di  2  / 
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licit-  A'  is  die  etjtiilihi  iuiii  lUiinhei  til.  snhniai  ines. 
For  the  disc  piesiousls  considered,  /  -  2  tnoillhs. 
die  number  of  suhmai  ines  is.  plotted  in  Figure  a. 
Thus  the  value  ol  tin  olleusiv t;  operat ion  depends 
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I  if.i  111  I  IniiiiMil  if  til  nt  kul  >ui. <i  1 1  ii-  Urt'l  In  ,m  .out 
Mi.luil.il  ilir  nllt’liMt  «• 


ill)  tile  rxprc  led  ti  ngl  h  nl  1  lie  w  ;n  .  I  Ik  i times  <  m  \  r 
giv in^*  the  l rd im  l  ion  in  l In*  .i\  ri  age  nmidici  ol  subnia 
i  ini  s  * i|M*i iii in»  .is  a  Imit  lion  ol  die  li.ngt  h  ol  pet.  iod 
1 1 licit  ?  (oiisi'ic  fiitioii.  II  the  wai  is  iaihcIciI  m  i!asi 
anodic  i  .‘»n  ot  moi  <•  iih  >ni  I  is.  i  hr  i  tlirnsic  r  will  ,i<  hi  l  \  r 
\ci\  in-nilv  il.s  "jnilih*  i inn  elh  t  i iwness  in  1 1 kii  tin 

ui mil i«  i  ol  sill hii.  i ms  opi  i  at i 1 1 l*  iv  u dm  <  d  In  ; 1 1 n; > 1 1 1 
In  |  >c  i  Kin  null  1 1  ir  lilelhne  i.mil  t.onsr<pu  1 1 1 1  \  r.x 
priieihc  o|  ships  and  nt  us  ait-  i oi  respniul-tngk 
I  rihlK'l  1.  1 1 .  Oil  I  hr  ol  III  I  hand,  lltf  W.ll  is  !o  last  i  III  |  \ 
!•  nioni In  ilir  .m  ii  dm  i  ion  in  suhmai  im  s  op<  i 

.it  it)'-  is  olds  . i ir. mi  I  (1  p<  i  k  hi. 

I  Ii«-  i  < n 1 1 1 >. i i  i \« 1 1 1  l><  inn  u  tli  l<  ttsiM  and  n(l<  nsi\e 
mrasiil  <  s  is  made  t  xpln  ill\  in  Firm  <  i .  I  hr  oi  din.it r 
i*>  |  >i  o  |  io)  i  it  >ii.  d  lo  tin  1 1 1  Im  i  ion  m  ship  h  »sst  s,  with 
no  an  limit  i.ikt  n  ol  iljr  aiu<  ks  on  l  boats  made  l>\ 

<  si  ol  I  ail <  t  all.  Jl.  is  «  I .  . 1 1. . i lint  i  lit  t  lit  i  l  ol  I  lit  It  uglh 
tdilit  wai  mi  i hr  \  a) lit  ot  nn  aiitisninn.ii  inr  olh  iisivt' 
an<l  ilir  rlh  1 1  o|  ihr  probable  t  mnplt  n  in  s>  ol  ;  mpov 
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I  Ita  in  I.  KH,iifV«  s.nmv.  h!  slii(,s  1«  *•  wiHymii-.  iim*s  nl  ,iii- 

•  I  .i  1 1 .  \  i  I  >rlt  iim\i  \.»li»r  nl  t  s«  ml  til  .ill  lliir.i  I  rut  «l  t  <»n 
'«»*v  I’d  dtiensiw  \alm  ol  (Miiial  cm  net  oi  ilnr.itrnrcl 

•  tiiiKin. 


esc  m  i  in  list  hr  lakrn  into  iununii  in  anking  at  an 
evaluation  ol  tike1  relative*  inrrits  t>!  i lie*  two  possible 
uses  <ii  the*  aii  trail.  It  is  clear  also  dial  no  general 
conclusion  cm  he  made,  hut  that  eat  h  decision  must 
he  made  alter  a  consideration  ol  the  tactical  and 
si  i  a  legit  a  I  situ  at  ion  obtain  ing  at  tli.it  i  inn. . 


FOLLOW-UP  OF  CONTACTS 


i*ioi»<dd\  die  most  important  aspect  ol  ollenshe 
opei a ■  ions  is  l lit  aticinpl  lo  convert  llu  hugest  pos¬ 
sible  fiactiou  ol  all  tontacts  into  attacks  and  kills. 
Olien  the  manner  in  which  miiliitl  is  made  is  such 
dial  an  umncdiaie  allatk  is  not  possible.  (A  tvpical 
example  would  he  a  sighting  l>\  a  melt  haul  ship  or 
noMoperai  ion  a  I  a  ini  all.)  Ii  max  he  that  an  a  Hack  has 
hern  made  chi  the  sub  and  <  oniac  t  sid.)Se(jUeild\  lost, 
so  dial  lontact  must  he  regained  in  order  in  con¬ 
tinue  i  he  allatk.  In  these  cases  ii  is  iisiudlv  yct\ 
pi c.iliia hie  locoudiKt  a  billow-up  search  in  order  lo 
fine?  the  cm h  a n;; in. 

I  c.llow  up  ol  romans  is  a  piolitaldc  employment 
ol  am isubmai  im  loie.es  because  lor  die  first  few 
boms  aim  toniaci  has  been  lost  the-  legion  in  which 
die  submarine  can  he*  is  rather  small.  In  this  region 
die  pmhahilitx  density,  is  accoidingh  high  and  it. 

I  he!  Hole  c  oils!  it  lilt  \  a  pi  oil  table  )  eg  ion  I  til  scare  h.  As 
an  example,  t  misidc  i  die  case  nl  a  submarine  whose 
posit  it  in  is  definite h  I  iiuwn.ai  lime  7  0.  and  is  then 

lost.  I  hr  submarine  is  lire  to  navel  od  I  lie;  sm  lac  (\ 
Sun  e  its  speed  is  cca  la  ink  tint  gj  rale)  than  20  knots, 
we  can  he ‘sure  that  it  is  )\ ithiu  a  c  it c  Ic  ol  lacfius  20/ 
miles.  I  lit  .t.oi  respond  i  ng  sithmaiinr  pmbahililv 
driisii\  is  shown  in  h i'guie  .a.  <  ait  dialed  on  the  as 
sumption  that  die  submaiine  is  ecptalk  likel\  lo  he 
.ills  w  lit  i  c  Within  I  he  e  it  t  le.  I  hat  is.  dial 


I- it.*  it l-  .").  Icu.d  | ti r >f i.( I >i | j t \  <{riisil\  .iltei  a  Miimidi  mr 
<<>nl. im;  c.ilcnhili'd  limn  <<|ii,Mioii  <7;. 
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osTi-.Nsm:  st.Aiu  n 


I'll. I  Ki  S.  Pinh.iliilili  r*l  4.1 1 <  h  ft  11 :  \v\rrp  uic  itl)  mj  miles 
in  i  horn:  siih  speed  ul  hi. 


r;i\o  in  which  ;t  MibmuiiiK'  was  bilirwd  lo  lx-  pies 
liU.  llu  XMlIts  :iu*  prcMrlilrd  in  I  ;il)lf  ID.  \n  a\ct 
a«i*  ul  a  hunl  I  wo  ships  look  pall  i  ill  Ilf1  seal  (  lies. 


I  Mil  I  1(1  Siimssul  >('iii<li<’s  In  imilil.ii  I  I  lio.it. 


Au  i.iuc  unie 

}  1  f  hi  1  h*s|  i  otii.u  1  Pel. ;  eiil 

In  si. ill  ul  scjilth  MiKi  ssiitl 

■J'J  mill  ’i'5 

xvi  min  IT* 


I  Ik:m  homes  'lie  pjonril  in  1-  ioiiu.:  ‘I,  .inti  «i  1  ait  11 
laird  tmu-  is  di .iu n  n li i<  h  is  in  f ; i i t  ;i”irt  nit  ni  wii h 
llu  opri  .1 1  iuim  I  pom  is  I  his  (mw.  is  diawn  on  l  lie 
.isstmipi  ion  dial  suli  speed  is  knois,  niiii.il  unri-r 
1,1ml*.  is  I  mile.  and  sweep  i.ile  is  10.  sip  miles  pt  1 
In  nil  ,1  he  lii  sl  i\\o  .issiimp?  ions  au  1 1  ason.i.hk;  lm 
lhe  Iflitlital  siiu.ninn  involved.  Siute  1  he  piuhlr’fri  is 
one  ol  in  ojil.K  ri no  .i  suhniai  in.e  widt  h  has  lieeii  pie 
v  ion  si  \  all.it  krd.  a  lot  at  ioni  ) )  or. « *f  nn.ne  lhau  .1  mile 
is  unlikt  ]v.  I  he  s\\rc~p  rale  ul  Ymh  ahom  *i  mj  miles 
;p< »  hour  pel  ship  is  soiinw  ini  I  smallei  than  ndi'lii  hr 
expelled,  liolvrlrj*.  In  \  oliime  ‘Jlk  (  .Ini  |  h.  die 
a\eia«ie  mu  nil  sweep  width  is  esiim.iied  ai  I  Xlill  \  c  J . 
(  ol.il1  spoilt  lino  lo  .1  sweep  l.llt  ol  .1 1,-01 1 1  |U  p,  I 'J  M| 
mi  los  |  >ei  houi .  S<  \ei  al  expJaiial  ion<  ai  e  possible:  1  I  ) 
ill  I  his  <  ;ise  I  ho.ils  m, iv  have  been  espet  pd  U  laiellll 
In  make  ooimI  use  ol  Ja\el  ell  r<  I  a  lid  ol  he!  oppoiluni 
lies  10  Escape  deieiiion.  (2)  wakes,  depth  <  harip'  ex¬ 
plosions,  eh..  ina\  haU*  made  xeaiih  nirWc  dillicuil, 
c;r  f!5)  llu*  pie\  ioiis  esi  imale.  based  on  llu;  assumption 
(hai  a  submarine  would  have  heeu  delta  ird  t'.piv 
I  in  io  a  I  veiv  shoi  f  faille,  mav  have  brm  imdillv  up 
liinislii.  I  lien  is.  however.  no  inr,  oiu  ilahle  dillei 
eu<e  bci  ween  the  theoretical  e\j>et  unions  and  opei a 
lional  T’estills. 


TIME  IN  HOURS  UNTIL  START  OF  SEARCH 

I  II. I  111  X  |*ev  0*111  nl  Mllunat  ilics  C.UJlCKlol  l»V  SUll.Kf 
n.ih  hums,  '(.jolts  air  opera  lional  data  oil  ninj* 

t.nraat  i  'Soldi  u it t  vr  is  t  alt  niated  lot :  O  ~  III  stj  miles  pn 

hi*!,!!. -I  1  niijr.  !  *1  i.  i. .  1  »v  to  nation  1 10) 

kollow-up  luims  In  air,  rail  an-  nl  two  general 
i \ I*,-..  I  he  (it st  oi  llicsc  is  aimed  al  detection  ol  sub¬ 
merged  submarines  In  M.\!)  or  sdiio  hoo\s.  (hr  sec- 
olid  al  visual  oi  radat  <!<■[<■<  I  ion  ol  (lie  submarine 
wlirn  il  lia.s  r  <  .s  1 1 1  laced.  Aside  IT  oil)  s|ie(  ial  lim  i  I  al  ions 
on  ma  man  <  i  a  hi  I  i  I  c ,  1 1  lose  ol  I  lie  In  st  t\  pe  have  inn,  Il 
in  common  with  mii  lac  e  <  mil  him  Is,  since  die  siiliina- 
lines  hehavini  is  appiovimatc  Tc  die  same.  Inoidel 
lo  haw-  an  a< , e| able  <  haute  ol  success  i)ie  searc  h 
miisi  die  I  icj*  i .  r  i  \cl\  soon  al'iei  lhe  mil  ial  lost  ronlari . 
and  a  he  art  mae  v  ol  loc  nl  iug  l  lit:  u lit  ial  point  must  he 
high.  Since  I  his  H|ie  ol  lollownp  pirscnitj  no  csscn- 
lialiv  new  jirohleiiis.  detailed  discussion  v-'ill  not  be 
given  here. 

Win  n.  however,  die  ail,. lull  relies  on  visual  01 
ladar  delcrl  jolt,  the  seal.  It  must  hi:  |)lalilie<t  with 
I  ct  ognil  ion  ol  the  fail  dial  a  siiliinrl gttl  suhinarilie 
latinot  tie  dele,  led.  I  wo  aliernadtes  are  possible! 
either  a  hold-down  limn  aimed  at  tovering  ail  pov 
si  I  iU:.  positions  ol  the  sn.hinarim,'  so  as  to  keep  it  Iroin 
surfacing  utnii  htttttty  and. or  crew  emltirance  are 
exhaiistcl.  ...  a  '‘gambit"  pt n< edtil c  in  wlluh  the 
airualt  endeavor  lo  permit  the  submarine  lo  resin- 
hue  and  then  reconuut  it.  J  ins  latter  iilternative  is 
ei|iiivalenl  10  designing  tile  search  so  as  to  eoiKcll 
Hate  oil  those  regions  iu  which  wo suhmaiities 
are  most  likely  to  lie.  In  pKitlicc  the  gtunhit  procc 
dure  has  usually  involved  a  huts  search  a.'lUtl'cil  at 


t.OM  ilHiX  I  IAI. 


I  Ol. L  OW  VP  OF  CONTACTS 


1M 


I  ii.i  ki  in.  t  i\iMi  «»i  loJIuw  u[»  hums. 

llu-  iioim  ol  l;iii  1 1 hi l in  i  iiml  l;n  in<>nf.;li  <liNi:m !  ili;it 
t  lit*  stili  will  mu  I ;u  i*  iiml  l  lii'ii  ti  \  lo  i  mis**  l iic  ;i in  i'*i 1 1  s 
i, mini.  I '|u*  lioi.l  (limn  limn,  mi  ilw  min  t  Ir.iiiil. 
Ill  list  t'ov  c I  1 1  ir  u  In  ilr  | ji iss 1 1 1 1 1 ■  ;it  r;i  i  il  t  lir  mi  I  nil.  11  mi: 
ill  lu  ijui'iil  mil  l  \ nls.  I  his  iii|nin's  ;i  iimili  I.iiri-i 
i*\ |ii‘i nlii in i'  nl  i  lliii  i..:n  in. ills  l;u  linin'  ill. in  is  iisii 
nils  iuailiihlr.  .is  i  .ill  lie  si  i  ii  in  I'ij’iui-  III. 


I  Inlet  c|nU  II 

1.  Aim. lie  HltlM  «n\r!  IliM 
r  uir  .iiimii  i  icin  '*  j »«* i  innn 
mi  ,in  lo  kn  |i  Mlh  chmii  .il  .ill 
IlMirs, 

2.  I  in  wine  m  m!  jilt  i .ill  J  . 
.dill  MMIjl  uiclili  Jin'*  »«• 

cjcnirN  5j»  i/O  :/  I  .iim.ilt  .n 
(Ik  i<  .'itoc  .i l  nun 


(..i  nil  nl 

I .  \ 1 1 <  i.Ul  mil-*!  nuke-  tin  nit 
Jiriti  in  it  n«i it  oiie-n  enough 
Id  ;>if\('5il  I  lO'-sim*  oil  Mil  I. it  r 

2  i  •».  nit  til  r  \Oot»i\  I, 

>U  i  l  ji  V\  l»l!  I . tilt  I  '•111*  Mil 

|.H,<i  \|vtil  /  i  his  i  rt  j  uni's 
,1  ..i  'u-nnt  (  .mi  m  .1 1 1  O'  'll'-’, 

. 1 1  I  lien*  I. 


■J  I  n  i  .il  5  \  dll  I  fleam  1  hi  Id  il »  ill  u  !t  I*  U  ■■  'll  •<  O'  III  lit ‘S. 

I  11!'.  ki.  ,iimI  i  I ;»  i  I  \>r  n  c|i»m 

Iti  .n  lh‘i!i  >  limns  I  Va  ll\ inv,  I.' nils 


hunts  have  been  mack-  with  sufficient  intensity  to 
<|  ti:i  I  if  v  as  hue  hold-downs  offering  the  submarine  nu 
nnjHirn.mil v  for  suiT-icing.  A  hurt!  and  la.si  discinc- 
lion  cannot  Ik*  made  in  the  case  ol  actual  operations. 

Operational  results  normally  (onlinu  the  theo¬ 
retical  jid  lotion  dial  flying  on  hunts  in  follow-up 
ol  contact  is  more  profitable  than  an\  other  type  it! 
lei  ms  ol  Using  hours  i  ccpi'ired  per  submarine  <  on  tact. 
Table  il  presents  data  ol  this  sort  front  the  Trinidad 
\iea  hn  the  peiiod  August  IJH2  lei  jaimary  MMX 
l  imn  ll\  mg  ir,  seen  in  he  three  to  four  times  as  profit¬ 
able  as  other  |\ pr.x. 

A  small  numhei  nl  aircraft  hunts  have  been 
studied  in  detail  in  order  in  determine  the  relative 
ellec li\ etiess  ol  different  |\pc.s  ol  lol low-up  laclirv 
Although  the  immher  ol  <  ases  imofved  was  loo  small 
to  petmit  gieat  )  chance  to  he  placed  on  the  re* lilts. 
llte\  ate  nl  interest  as  (oidmnaiion  ol  the  expec  ted 
1 1 ends.  A  total  ol  IN  limits  are  involved,  which  oc¬ 
elli  led  between  Mum  h  la.  MMX  and  Oc  tober  20, 
Iff  IX  in  the  Timed  Stales  Strategic  Area.  The  overall 
to  nils  are  Miininai  i/ed  in  Tahir  12. 

1  \itii;  12  Roiilisol  iiiici.'ifi  Innifs. 

•  I  diu.nl  Sj;i  ir.-s  st  r.itrgir  ajea.  H»1.‘5.J 


J  dl.il  1 1 1 1 1 1 1 1  M'l  d|  f  11 1  II  I  M  Ik 

1 1  ii/in  ,h  rnr\  mg  i  ci  dniiic  i  ->  It 

IVi  « < -i 1 1  nl  li'iiHis  mu  i  i;J  (■! 

\\e  i .i ■  -* ■  1 1 1 1 1  .iiinn  nl  hi.uit  .lioujsi  .’>!)  . 

Inl.l)  Illlllllicj  «>l  )  >■(  (Ml  l,H  In  lll.iiic  22 

kcidiii.ic  i>  j »<  i  limit  1,22 

•\u.iag<-  nine  Iwlwn  n  uroni.ic  is  •  lt«  >i  1 1  n  »  .  I  I  .Vi 


( )l  i  v  mush  milch  leSs  living  is  i  npi  ii  nl  f«»t  ihegam 
lilt  prnfcdiilc  .titan  bn  hohl  eh iwu,  espee  ialls  since  a 
n  rte  hold  dowji  should  last  lot  well  o\»:j  Jo  hr.  \s 
a  maiiriMd  faij,  llu :<  have  bee  u \<*i  \  lew  cases  while 

f  Mil  I  'I  I  Dt.'l.i  (,1'lt'i  ||i  >  nu  omiC.ivI  Id  1  s  j  »i  ol  ini'.M«iii 
•  I  i  inhlael  .hi  m  i 


I  he  elite •riu  ness  nl  these  limits  is  shown  h\  the 
l.ic  i  that  til  ])<■]  c.eut  ol  : hem  silc.e reded  in  again  estab¬ 
lishing  iniiULt  wilJl  I  lie  submarine.  On  tile  average, 
subs  wetv  i  e< np.tac  led  about  two  lime  s  in  those  ij  ases. 
\  moir  detailed  bie.ikdown  ol  the  i.csults  isi  prc" 
sente  <1  in  I  ahlr  1 .5. 
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1'his  table  shows  e  leai  l\  I  lit'  high  ell  eel  i  veness  of 
the  gambit  i  \  pe  of  liniii  in  comparison  with  oiliei 
i  vpi's.  I  <  ranks  well  in  in  ms  o!  pen  mi  age*  su  tress  an 
■.lUTii^c  number  of  rr<  uniat  is  per  hum.  .Si  ner  (he 
mimbei  of  Hying  hours  euiplowtl  was  muc  h  smaMei 
than  for  the  oilier  ivjm  s.  ihe  results  in  terms  nl  11\  ing 
hours  rei|tiireil  per  recontact  sliow  a  definite  aclvan 
i age  to  the  gambit  is  pc. 

In  connection  with  the  ge  neral  importance-  of  f ol 
low-up  hums,  one  (milter  remark  is  worth  while. 
Sm  h  limits  are  profitable  because  they  ate-  earriet! 


out  in  a  sum  I  i  JUe*n  it*  which  the  submarine  proha 
bilily  densiiv  is  high.  Kor  best  ellerti  veness  accurate 
navigation  is  retjuir c*il  to  locate  the  area  properh  and 
to  ram  out  thede.siiect  seat  til  plan,  in  addition  com¬ 
munications  must  be  ext  client  in  order  to  assure  that 
the  banting  trail  rein  h  the-  submarine  position  at 
I  he  earliest  possible  moment,  .si nee  tile  eariv  stages 
n!  tin*  hunt  ate  the*  imw?  niodliibie.  In  older  10  instiic 
that  eooidinated  lollow-up  lumls  are  carried  out 
sue  cessi  1 1 1  f \ .  great  skill  is  reepiired  in  cadi  of  these' 
fields. 
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Chapter  M 

EMPLOYMENT  OF  SEARCH  RADAR  IN  RELATION  TO 
EN EM V  COUNTERMEASURES 


'•i  INTttOIH'CTlON 

R\i»ak  has  Iwrn  < »i 1 1 \  « >i if ■  «>l  dir  mam  weapons 
appli-d  lodtdral  I  he  (  k*I  llliin  use  nl  I'-hnats.  I  >1 1 1 
II  has  p!a\ til  :!•»  till  >  if  >!  !:!!!<  loir  a!  trltaill  (lilitill 
linns.  IVeausr  die  1  final  high  command  failed  i«> 
a  lit  it  i  pal  r  l  he  dirt  I  i\  ciios  <  >1  seal  t  li  t  ail.il .  n  s  use  h\ 
ihr  Allies  latiM-d  esprtiallv  giaxr  < on c c*i  it  to  die  l 
hu.tlv  I  hr  inmn  and  louiilcinmu-s  nl  l ! it  ladai  uai 
nlln  all  inier <*n!  ing  example  nl  die  iinpm  lame  nl 
<  i  li  if  Jk  and  at  tin  air  (\dualioii  nl  eiietnx  measures. 
Although  l  lit*  e\  rill**  nl  Woi  Id  Will  II  tniilnim  in 
general  in  lilt*  se  lirillt*  nl  measures  and  t  oiiiilcl  meas¬ 
ure  si  *1  Ini  ih  iii  Volume  I  nu  ( )pri  a  linns  Kcviin  h.  a 
icxicw  nl  ihriu  shows  I l  ;i  1  r\ idtial i< >i i  nl  l  hr  njjria 
limial  cllee  I i v rni.^  •»!  cnrm\  toulilrl  measmes  is  id 
uiirmsi  i  1 1 1 1  x  p  i  i.iim  i-  I*  v  <  1 1  u  I  ini  a,«  niinn  i  m<  asm  i  has 
excel  lt-ii  I  1  lirul  rl  it  al  pel  Ini  III.IIHI-.  ii  is  a  lairevmi 
|oi  i{  |n  hr  applied  Width  enough  and  with  slilli 
<  h  ill  ope  l  annual  rllrt  liv<lK‘s*'  In  jiislih  ihr  rMlcilH 
i.kik  nl  ahaiidni  i  ing  I  lie  -  weapon  I  tmmit-icd. 

t\||,lll\  I  hr  )i|nlll|il  (hill  uni  pi  rijial  II I  r  i  .1  j  >|  )l  i(  ,J  1  ini  i 
n|  MMllilet  ( ii|||ij<'Um;;Mllt  s  Will  l.ugrh  M\IO)r  liil 
i  lh  (  i  i\ riii-ss  n|  | Ik  We  apon  I  his  has  hmr  p.n  I  it  ii 
.l.nh  vmk  nl  ihr  i  idj.i  \ i  i siis  \«  ai<  h  n»rj\.ci  (iimpi 
fllimi  width  .tins*,  din.il!*;  |h:  UllM  pal  t  *•«  ;h<  \ 
hVia  i  ,\  ,n . 

J  I  It  hillnWur.'  (list  usvim.l  \\  ill', it  /.ti|  siinL;|\  pa',  pi  i 
niiii  \  am  lilinii m  ihr  d<  \«  lupine  nt  nl  (.*«  i  man  s<  an  h 
!  (•(  rivet's  and  .1  i it.  t  ullliln  f  nmiiri  measures  i  wip|o\ic| 
to  irdllir  I  hr  «  Mci  i  i\ rij«  o  id  ihr  (.illdilll  "r.il.  Ill 
aihlil  inn,  die  liiipnj .M?|i «  id  .  Vlmnii  hi  I  and  ladar 
eamniillagc-  .is  ;i  <  nlinii  I  in*  asme  in  \  1 1  it  *«  I  scale  Ii 
lad.  n  will  l»<  c  uiisidcird.  I  line  l»a\r  also,  hnwrxei. 
hr  t  ii  a  imuihn  nl  le  ss  iinpnifnhi  (m  i  man  i.id.si 
<  oiuiiniiirasMI  r  di  \  rlnpliHllls.  uhielt  air  drsi  i  ih<  <1 
hj  j<  |l\  hrlt »Vi\ 

I  \uhnn  t‘i\t  in  r.  h  is  rv  idcnl  dial  ihr  sidnnal  i  lie 
Mil  rst  ape  i  a  da  i  dr  ire  'inn  h\  sia\  ing  suhnin  g<  d.  ;iml 
in  I  lie'  final  phases  nl  \\V»»  Id  \  \  .  1 1  1 1  (hi  man  l  huals 
\  1 1  «J,<  l*.  a  j  ml  it  \  nl  keeping  hrltiw  Mir  sin  filer  its  ninth 
.r.  p<,ssjl)lr  wliri i  in  dangnous  wairis.  \s  pniiilt  el  mu 
in  pirxions  ehapicis.  liouvut,  dir  loss  in  nmhiliiv 
anil  in  ollriishe  eapahilidr>  w:>\  \rl\  sriiniis.  and  a 


i  it  >i  l  n;d  ivpr  nl  l  -Imai  (wiihnitt  Se  hum  c  hrl)  tmdd 
not  npriiilr  rflrt  l i \  <*i iisinj»  iiiiiximimi  suhnuT^rncr 
lai  lit  s.  Sue  h  i;u  I  ie  s  as  ihcsr  musi  hr  e  onsidned  a  \  <t\ 
mis;uisl:u  mi\  Iasi  rrsnu  hnm  i hr  MihinarinrS  p«n’n( 
i  >1  \  lew  . 1 

.1  in) /iff  Winning  uuhn.  kadai  nl  1 1 1 i s  ivpr 
( llohrnt wii  I)  was  ilrvrlnprd  and  insitdlrd  nn  a  on- 
sidriahlr  nmiihri  * >•  I  ’  hnals.  lls  use  was  sligll* ,  IlnW- 
r\ ci ,  and  mi<  e esses  insi^n ifii  ani .  I  his  was  due  lo  luo 
latinrs,  die  irlativeh  low  power  and  slum  range  of 
I  Is  is  liidar  and  du1  leal  of  Allied  seal  eh  ire  rivers.  In 
geneial  die  lange  nn  am  rail  nl  die  long-wave,  low* 
power  l  ’  htiai  latlai  was  shorter  than  (he  range  on 
sin  faced  l  ’  huals  nl  Allied  min  nwave  ail  lo-sui  la((‘- 
sc.ssrl  |A.S\’|  tadar.  I  his  iiu  leased  die  lark  ni  con- 
lide  nte  in  radar  tinieni  among  (  hnal  ( nnmiiinde)  s 
whit  h  was  caused  h\  tlirii  l‘>asic  ul>ic(dun  lo  any. ra¬ 
dial  inn  nl  eiiei’gx  wiiieh  ennld  he  listened  in  and 
lot  a  led  I  j\  diirc  lion  Imding  drv •ires.  I  hex  wen-eon 
xiiittMitpf  die  daiigri  e»l  Allied  lisien ing  geai  long  he¬ 
lm  r  ii  e\ isle  (I  in  adeejuaie  ipianliiv  In  he  nl  npeia- 
I  it  uia  I  impniiiinte.  1  his  lineal  \^;^s  Millieieni  in  mil 
tifs  i he  use  of  i  ho.u  i  adai .  I  his  l.'u  I  has  hern  side 
st  <j  i  lent  I  \  rsiiihlishe  el  hum  siaie.uienis  imide  hv  (»ei 
man  pci  sumiel  hill  xv'iis  applet  iaied  eailirl  nn  lh< 
basis  nl  inJulmaiinii  ohiaine  el  lliiln  fen  el  planes 
rijiiipped.  w  il  Ii  Ijsiruillg  grill .  Iht  )  nri c  clispale  hrd 
in.  arriis  in  whieli  l  hnals  uric  know  n  lo  fir  operai 
ing.  hm  die  st  (jilt  in  r  nl  negiii  ixr  lepoi  is  Mioncd  iliiU 
ilieie  w;is  iiu  signifie  ii 1 1 1  use  of  die  l  adai  seis  insud h  ti 
nn  die  I  huals.  , Meanwhile  lahmaiuit  do'v elopnicii Is 
and  stualf-M  ale  piodue  i  inn  ol  Imining  iind  (Jiit-t.  lit  hi 
finding  srauli  iceeixris  anl  ie  ipait  el  a  trxix.d  of  I' 
horn  radai.  Ii  isimssihlr  dial  siihinai'ine  radai  Would 

!‘.\l  llic  end  t»l  flu*  u.il  (.rl  mail  I  Im.ils  nf  lii'^li  MllMriri^fd 
t|H*cf)  •  1*1-  I  ‘i  k  l  lm  I\|»r  \\t.  I*i  !.'*>  I.  nols  leu  ihr  |nt»|>ii'.rd 
I  \|M*  \  \  \  I  I  Ur  If  .l|  >|  1 1 4  M(  1 1 1 1)‘4  opr)  1 1  lull, 1 1  >1.1 1 1  |N.  I  lire  M  l‘f  (• 
dr>u;m-d  h >  i ,pri  ,i it-  rllrt  n\rl\  ulirn  su I »i linked  and  umdd  Ii.im 
lirrn  .ildt*  iu  >i.i\  Mihmngrtl  lointt  Stlninidirl  in  rst.ipr  iad;n 
drtts  lion,  it* l  i el, »in  |>otrn(  rill»*iKj\i*  <  .((>,d>iiilie*.  lirt  aiwt  iif  dtrii 
spec 1. 1 1  | »< >| ii i !>n >i i  Soi  hi'i'l)  >h I, melted  >j»rrd.  (  em  hision*.  diau  n 
lioin  (ijx  i.ii urns  imoh  ing  old  si \  Ie  1  hnals  ma\  he  (unijdeiels 
niajjpd  it  able*  lo  1 1  use  lieu  l\  j»r\.  I  licir  development  >lim\  >.  hov\ 
twei.  ( li.it  ihe  ( .ri  nr.eris  had  ie;di/et|  dial  I  lie  odiri  ivpe>  urn* 
,iu|  \;it)-vhi<  KM\  I « if  toiiipleieh  Mlhliltij'rd  npei  alioli. 
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\:v  a  hurulu;ip  rather  ihui*  a  help  if  opposed  hv  ade- 
quale  airhorue  I isu  niuj»  gear.11 

.5.  liudnr  th'roy.  Various  types  of  radar  decoys  or 
false  targets  have  been  miplovcd  in  the  hopes  ol 
ihawuig  the  aiteniion  of  Allied  radar  scan  h  irall 
a  wav  I  min  die  I'-hoais  ihcesM-lvcs.  Metalli/ed  labrir- 
eovercd  balloons  |RI>B|  aial  anavs  of  reasonani  di¬ 
poles  on  spar  hums  (  I  heiis)  have  been  used,  espe¬ 
cially  in  the  Ha\  oi  Hisiav.  ! n  sullu  i<*ti (  numbers  they 
niigbi  be  r\ j>c<  ted  to  lead  to  a  serious  waste  ol  seal  t  h 
lime  and  ellort  and  there  has  been  at  least  one  in 
Mance  of  a  l  billed  Stales  sm  fate  vessel  being  tor 
priloctl  while  invesl  igaiing  a  i!ri  m  largei.  I n  grnri  al. 
however,  ilia  ovs  have  m  it  been  v  ri  \  suit  i-sslul  in  ion 
I  its  i  111;  Allied  \SV  lailal  se.Ulh,  largclv  lx  a  ausr  thev 
pt ov  ed  in  In-  too  sinal I  as  i  ailiu  lai gel s  i o  lx  -  delta  teil. 
In  addilion.  (aided  studv  til  iaii*ci  moiion  aids  the 
lailar  opeialia  in  (list i n<» ti ishing  slatitmaiv  spin 
hitovsoi  wind  blown  balloons  horn  n  tie  targets, 

1  he  most  MgmlK.uii  (.ci  inaii  t  ouniet  iiicastiics  to 
Allied  scan  It  radat  have  been  twofold-  Inst,  the  dr 
velopinetil  ol  iritelti  pi  tia  rivets  and.  sciond,  the  lie 
velnjiiti.  ni  «?!  Si  linos  t  be!  and  asstjeiati-d  rrid.n  e.mi- 
i H i fl.iiir.  |  bese  W  ill  now  be  d j  <i  iism.  i1. 

>»-  Tin:  problem  oi  (.kk.man 
search  ri:ci:ivi:ks 

I’oi  Mihm.il  itit-s.  in  jjai  t  it  ul.n .  einplov  uieiii  Ol  an 
elbat.jve  tadai  inlet  t  e|»t.  let  rivet  pmvidcs  a  vciv 
sat  islai  loi  v  (  iiunici  I  lira  til)  e  n>  x-al  tli  i  ailar,,  I  poll 
iff  eiv  in.v,  a  ii«k  I  ol  -sullu  it  lit  muiisilv  horn  the 
•  •Mt-iiVv  1  «i.i Lit.  the  sii.bmaijne  i.ni  tlive  and  benmii- 
t  oiiijjjeli  Iv  liidd*  ri.  No  loll:;  as  l  lie  ilileitcpl  letejwi 
(.in  I  *(  i|(  pc  nth  al  im  to  mill  a  n«r  tin  i-nenn  tadas  (as 
it  slltnild,  ill  pi  iju  ipii  ..  usuailv  be  able  (n  do),  the 

*»  I  Hill'd  Sl  ilcs  vitli(IMim<  il<  W<  li.itt  In  m»Iiic  rxlrnl  sh.urd 
ini  i  .i  |  til. ins'  MlsjUt  Mill  <t|  aili  l.il  I  i\  .linn i/i  |  :i« l.i  1  .illil  ( (»||V  ;.li<  ct  I 
llii'lliv'iw  1 1 1  .i  iIm-  |.I||.III<M-  Iirit  ItfiMinx  nil  S|1  l.ul.u  Ii.iijs 
ties -inn •  iimn  .i  iiiinil<<  i  d  iinlu  ii lu.il- im  idniis  ulmli  six  .nod 
•in  illd|iil<  ••in  ti  Iw.Uniin  M.i»i\  of  I  hr  in  (  r.isrd  In  tiw  S|)  I.mI.H  . 
'*1.^1 1 <1  ii. 1  dai.i  shout'd  Ixmeiri  ili.il  !ii»  rllrilisr  fininiii"  was 
i  dnn  |*1.m  «  .»•  l.i li  .is  |  In  rmlii'i  I  ‘i  I  I.  .is  ( .in  Im- ilrdlK  (-(I  I  iom 
i  ini  s.i  I  »li  •  I  •*  - 1*  >w  . 

\ll(  l.dl  ttilil.'iHs  l'i  l  ( i*lil;i*j<:  <»l  .iiu  i.dl 

|»ri  I  HU  (lass  i.dl  .nr.iNj 

on  I  (i/on  sliail  i  I  li. 1 1  dr  In  I  rd  Mil>s 

I  >.i  s  \iv.fil  U.i* 

sii  uni: its.'  i .  si  ;  r.f  in 

S|>  liscis  St i  LM  *1  S 
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prolettion  olleted  is  < uni j>l«-i .Wvei  du-less,  stub 
complete  p.olcel  ion  is  rarelv  ac  hieved  in  jjisit  I  ire. 
(Sic  Chapter  a  ill  Volume  -li.)  Il  is  valuable  In  tie 
scribe  lilt*  vat  ions  stages  in  ilu-  radar  versus  voarrh  rt 
; s  i vc  r  linn pet ii inn  ill, it  look  plaee  in  the  I  boat,  war 

as  an  example  of  1  he  problems  involved  in  ev  alum  in” 

t  orn  vt ly  the  ellef  t  ivenexx  ol  ; oiimri  measures  ol'  i  iii.s 
I  v  pe. 

I  l  Meter  Radar  Is  Compromised  by 

Mi;iox  Cci-man  Search  Receiver 

l.\  rn  as  cai  I  v  as  Ani;iisi  l!)ll  il  had  been  stl”“csutl, 
since  aimall  not  i  inplm  in-  . \ S \ '  iadar  were  more 
snuessli.il  (hail  aimall  usinj.  ASV  in  sii'lnini;  I 
hoais,  dial  I  boats  were  delta  ting  ASV  transmis¬ 
sions.  I  o  obtain  c\  idem <•  ol  ibis  an  c.spei  inient  was 
tallied  out  Its  ( a.iastal  ( ioiinnatid,  and  aiiaraft  ojjci- 
atittg  oil  lit  cm  obserual  AS\‘  silence  on  alternate 
"'eels  lot  a  briel  period.  1'iie  resit  I  Is  of  ibis  experi- 
nieiil,  gisen  in  I  able  I.  showed  dial  there  was  no 
e\  idem  e  ol  any  disadsantage  involved  in  the  use  ol 
Mi'  ■  sttste  antiali  using  tadai  nitiuc  more  (oniaels 
i  ban  those  not  using  rttilar  in  die  same  tnutninl  ol 
I  Is  illg. 

I  'Xl  1  I.  ;  (Jlll.Kls  t\j/J|  ;ini)  w  il  licit!!  r.'ld:n. 
dJist.'iv  iiir.i.  Srjrl i  mlici  Mill.) 

Kiid.n  ‘»ll  l<;td;ii  mi 

I  lvi||«  hut!  It  ill  ilRM  "i'_*X  ',|| 

(.  i Mil .u  ix  \  wu;it  '»  ■  ;,j  „ 

K.id;u  ...  '  .  lm  .; .. 

I  *>l:d  '  X 

I  .alt  i  intelligent  c  sliowt.d  that  litis  <  dot  Insbin  was 
indeed  <  on  ft  I .  I' t  ti(,t  the  si, ill  id  Wol  1(1  W’aT.II,  tin: 
l.eimans  wt'le  lulls  awaic  ol  the!  jKtssibililies  ol 
imiei  \S\  i  a<  la  a.  and  bad  deS  (.loped  dieir.tnvn  ait. 
bottle  seattb  etpiiplneiil,  lint  it  .nits  not  until  the 
sniiiniet  ol  I'M-  dial  ll  lev  com  I  lit  jjed  lltal  tin  Allies 
wt ae  using  tadai  lot  (  boat  seat d'l.i ..anti  initialed  a 
honied  piogiam  lot  the  development  ol  seatib  lc 
t  eiv  et  s  to  tletr  1 1  i  he  t  ad  in  [  ions.  '  I  lie  (list  etptiptrieiu 
to  be  installed  on  l'  boats  was  the  R-tidO  in  Mcl.ox 
with  a  low  wavelength  limit  ol  l.'lOtni,  It  wasol  tin 
I  tel  et  of  I  v  ne  Ivpe,  I  liduglit  to  be  the  on  I  v  I  v  pe  t  a  pa  bit: 
ol  MiHuictn  senxidvitv.  and  so  it  tatlialed  eneigv,  a 
pioperts  which  evenmallv  tansed  its  tibamlonnu  til. 
Xevei  ■  In  less,  it  was  used  with  apparent  suit  ess.  and 
die  conditions  ol  its  ini  rod  net  ion  and  use  are  of  (  nn- 
sidcrable  interest. 
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1  if. I  Ut  I.  I  i.uliitl)  «>|  i  I.MJ.ll  I  laflMls  '■(  H,i\  it  I  lllst.ix 
iIkm  m  ir  »»i” li l <-<!. 


J  hr  (.<  Mii.ni  development  oI  m  .ikIi  reteiujs  w.i- 
(los<  |\  related  in  die  plotless  nl  i lie  ;i in  i  .i 1 1  inili  l,- 
1 1<  iii  i  i  dlensiv  c  in  i  he  I  >.  i  \  n|  Hist  ;i\ .  in  )  ime  Ml  12  i  he 
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These  data.  like  1  hose  obtained  earlier  bv  Coasial 
Command.  showed  fin  ic  e\  idem  e  ol  any  ell’ecl ive  use 
o|  radar  lisiemni*  »*e:ir  bv  the  l-buaix.  as  shown  in 
Table  2.  Two  tone  lusious  were  possible,  either  lint! 
dir  use  ol  the  f»ear  was  imuli  less  cf It*/  list*  in  the 
J  liuitlad  area  ihan  the  Ba\  ol  Bisr.iy  or  that  l he 
t  h.m^e  in  (he  Has  was  noi  due  (o  Me(o\  bin  was,  lor 
e\aiuph‘,  a  seasonal  (liant’e.  I  he  ariual  sit  not  ion 
1 1 i:i \  have  involved  more  ps\  t ‘hologit  at  heiieln  Irom 
the*  Mi  los  than  ph\si<al  beneln.  The  use  of  Leigh 
1  - i *» h t  Wellingtons  in  ihe  sininncr  ol  MM2  may  have 
staled  l  boais  iuio  abandon  ill”  die  polirv  ol  sui- 
l.u  ill”  a  I  lb”  III  even  I  hough  I  he  number  ol  planes  was 
small  and  smlatiiii*  in  die  daviime  was  slid  nmdi 
i ndi e  ilaitgeiuus.  Willi  (he  ad\eni  ol  Meiox  dies 
iino  have  relumed  lo  ihe  safer  poli<\  ol  nighttime 
sm  latiii”.  in  die  1  i  iuidad  aiea.  on  die  oilier  hand, 

i  lu-ie  was  no  i  adj<  ai  (  halite  in  l..*-boal  lai  lies  extcpl 
loi  a  genet  a  I  i  i  it  lease  ii  i  t  an  (ion. 

II  ihis  Iasi  explanation  is  taken  as  (he  toned  one 

ii  is  siill.  in  a  sense,  fait  losav  dial  .\fetox  /  aused  ihe 

t  Jiangc  in  Rav  ol  I  list  a\  i  csulis  ill  die  lad  of  Ml  12.  Ii 
would  not  be  sale,  howevn,  lo  tout  lode  dial  Meiox 
was.  iherelote.  a  \ei \- c diet  live  sean  li  receiver.  J  he 
at  lual  met  haiiism  linking  tause  and  ellrti  was  a 
mine  subtle  one.  Whatever  die  t:\plarrai  t<  >i  i  ol  die 
,i ppai eii l  slit  (css  ol  Meiox.  il  was  shoi  l  lived,  lot  die 
Allies  soon  in  ii  r»d  ut  fil  S- bar  id  ( Id  <  m)  uidar  and  die 
i  lift  l  iveness  ol  ail  h  i eat  bed  e\  en  higher  level*, 

i  Iran  lie  loir, 

1  i  (r;{*muHi.x  Raffled  by  S'liiuid  Radar 

.M< -.mu hilt'1.  Allied  <lt  vylopmeni  of  airborne  S' 

I  -uit.l  iadai.u;i)  plot  eediii”.  based  mi  the  magneh on 
M  atismhlei  lube,  ,'n id  ii  was  pul  iiilo  opeialional 
st  ivite  t  ally  ni  MUM  as  die,  M.S..SGK.  717  anti  AM., 
a 1 1 < J.  die  Ihiiish  Mk  Ml  i\|»ev  I  bis  new  wave  band 
1 1 o i  onh  piovidrd  imuumhv  bom  deu<  lion  b\ 
.Meiox  I  j  1 1 1  also  gave  hit  i  eased  i  arij»es  ol  deleft  ( ion  on 
I  boats/  1 ’hr  opet  ill  ioiia  I  mk  t  t-ss  t)|  diK  l vpe.of  gent* 
was  t  on, side)  able’’  Aided  bv  (hr  seasonal  upswing  in 
ainia.li  t  (let  l iveness  noimallv  o'Aiuiing  ill  die 
siiiin”  months  btcnisr  ol  heller  ueaihci  and  more 
dav  light  houis.  S  band  nidai  bad  ninth  lo  do  with 
ihe  peak  of  ainnilt  at  hievemruis  teathetl  in  die 
summer  r » I  I !)  Mk 

1‘v  itlence*  ol  ihe  success  ol  die  air  wai  against 

•  S  If  \  t  ill  I  lilt  ‘  (  ||.!|.*{f!  ~i,  |r>|  (It  l.'iilvJ  1 1  isi:t|ssii)ll  (.1  |  .l«|;i  I 
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sea* <  I)  receivers.  I  hr  was  sunk,  and  other  ex¬ 

pel  internal  patrols  also  had  short  i  a  reel  s. 

I'hf*  dicij»  in  ii'stiils  «»!  l!te  Allied  ail  cib»i  I  a!  ( 1  »e* 
end  of  the  summer  t»l  l*M.‘».  which  is  shown  in  hoih 
ligme  L*  and  Kit* tire  a.  was  onh  in  small  pan  tine  to 
GSR  developments.  The  l ’-boats  simpb  adopted  an 
uhraronsi aval i\e  polio  ol  ma\iiuum  submergem e 
anil  raids  exposed  themselves  to  ah  attack.  In  pass 
ill”;  through  the  lias  ol  lliscav  ih«*\  <u  pi  along  the 
Spanish  hum,  in  regions  inat iessil»!e  (loin  Hiiiain. 
anil  sin  hired  as  little  as  the\  t  otild.  W  ith  sue  h  i;u  i  it  s 
l  boat  ellei  t  iv  eiiess  was  \eiv  low.  hill  dies  gained 
i espite  h oin  air  at  ia<  k. 

n.;.*.:)  Naxos  Search  Receiver  Covers 
S-Hand 

Out  ol  this  roll  1 1  isim  i  Imallv  mine  i  In  ‘  ‘  Naxos"  in 
teriepl  lei  rive)  c  o\ cl  ing  die  K  Hi  t  in  hand  I  I  u  In  si 
models  ititiodtued  in  die  tall  ol  I!)  la  weie  cmde 
poitalile  mills  mounted  on  a  slick  and  tallied  up 
llliough  the  ton i ling  towel  upon  mu  lacing.  I  he 
langc  was  shot  t.  because  ol  therivsial  dett't  tor  prim 
i  i pie,  the  hioadhattd  covet  age  .  ami  tin  small,  non- 
dileilimial  antenna:  estimate  x,  ol  lange  horn  pi  is 
nl  tel  ol  u.li  it  poi  Is  wrl  e  X  to  Ml  mills. 

\  I  lied  i  radio))  lo  illtc  lligem  e  i  epm  l>  a  hi  ml  Vinos 
as  rails  as  Ijrctiuhri-  I'M  ',  biniiglii  the  le.n  1 1 1 ;i i 
S  hand  ladai  was  compiuimNid  l.wn  c  at  lit  i  than 
this  c  \.  >\  emliei  1‘Hth  disappi.iiiiig  tniii.ii  h-"  had 
li.  d  ni. mi  h»  assume  eoinpt om Ur  long  t/eloir  Ih.tm 
sean  h  i  et  i  i\ t  i  v  \M  |,  thoughi  o|  In  i }  i »  Gnmaiis  \ 
si" I  lolls  nior.de  piohJini  deii.loped  among  Wlieil. 
\S\  ||\i|s  will)  -ibis  lirUs  ainl  the  (Imp  ill  l  1mj.iI 
(  oil  fill  Is.  .U  .1(1  at  M  as  (III  III  1 1  nil  i  Oil!  pie  1 1  1 1  111  ,‘»r.  Vi  I  ,d 
sipiado.im  when  its  use  t.oiild  mils  li.ue  resnlnd  in 
iiii.ji e  in mx  nuts  i  nni.u  N.  I  at  rii  s  w  c i  t  in ipt o\  iseil  i.o 
sail  age  sniilt  Usi  hilm-ss  lol  I  he  i  at  In  l  s  oil  llieassinnp 
lion  ihal  llu  GSR  would  oun.mge  I  Ik  i  .kI.ii  »*«im 
assum pi ioii  dial  Was  laigi  1\  lain  ).  Si.»me  ol  diem  are 
listed  below. 

I.  I’i  t  jlnbi  i  (on  of  special  i  ad. ii  piouihiie  dining 
die  appioinh.  siit  ft  .is  “star c blight ing"  tin-  laigri. 
,ec  ioi  m  an.  ol  i  IciniVt  of  siail  rale,  shit  e  sin  li  i  liangts 
would  iridic  «iie  In  a  (.SR  operator  I  bat  ladai  miil.it  I 
bad  been  made,  and  the  l  boat  cnuld  then  take¬ 
rs  asive  action,  til  ua*.  consult  it  <1  uidikt  h  dial 
l ’'boats  would  din*  iti’i.nrdiairlv  oil  it  ceiling  a  sig¬ 
nal  on  GSK.j 

U.  \uenuaioi  s.  such  as  “Vixen."  wen  inilialed  in 


l.'w 

cause  a  slow  and  steads  dec  rease  in  transmitted  power 
as  range  closed  and  so  lo  coulnse  die  GSR  operator, 
in  cutler  to  use  Vixen  mu  c  css!  nils,  du  imuaii  must 
he  made  at  a  lange  ol  I  a  miles  or  git-ain  and  iln- 
title  stalled  soon  alter.  Since  ibis  is  greater  than  die 
average  radar  range  under  man \  conditions.  it  could 
onlv  be  used  lor  less  than  hall  (hr  eonlac  is.  Produr 
lion  was  slow  and  installation  slower,  with  the  lesnli 
dial  Vi ven  had  no  operational  opportunity  lor  jusli 
liing  diei  lioi  i  spent  in  its  development. 

;«.  \ 1 1  inurim  i.uin  of  “till  heam"  approach  was 
proposed  lo  reduce  signal  imensiii  as  range  was 
closed  h\  lilting  die  lailar  beam  up  oil  die  target. 
I  his  rctpihes  unusual  skill  and  cooperation  bcLuvcn 
pilol  and  i adar  operator  to  be  ellec  fi\ e,  and  its  value 
lias  never  been  adetjuaielv  proved. 

I.  Almost  in  desperation  the  lactic  ol  mi  ning  die 
spinnei  all  (lur  the  MO-degree  scanning  radars;  and 
appi oac  hing  b\  dead  reckoning  was  suggested.  The 
(bailees  ol  a  successlul  navigational  approach  are 
small,  howeier.  as  compared  with  radar  homing  on 
the  taigetj  and  i.his  ptoposal  was  not  u  rv  ptomising. 

\  serious  enor  in  some  Allied  thinking  ai  diis 
phase-  consisted  o'  overestimating  the  capabilities 
and  elite  ieUc  v  ol  tile  Naxos  GSR.  li  was  lelt  that  such 
ase  aith  iccc  iic  i  would  c.oiiiplt  irl\  nullify  the  i'-ITcc* 
tiieiuss  ol  S  band  ladai,  but  suel).  did  not  prove  lo 
be  I  lie  ease.  I  he  da l a  ph  .wilted  in  I  able  M  show  the 
t  ili  (  l  i\t -ness  ol  liiglu  living  dm  ing  die  period  <  )t  - 
mix.  i  I'll:*  to  Janmuv  I'M  I  in  t he  Ha y  ol  Riscav  (die 
irgioii  m  which  use;  ol  f.NK  miglu  he  expected  to 
c  a  use  I  he  larges!  techit  I  ions. 

II  wt  ccinsnlei  dial  the  disc  i  ej>anc  i  between  e\ 
pect.iiioii  and  icsiihs  obtained  is  entiicli  due  k.j 

I  \i.ii  K«  stills  ni  sOi.iik I  i.kI.ii  nlglu  thing. 

Il.il  of  Jii^t  .t\ .  C  it  UiIm‘1  jaun.io  I'll!) 
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IOIll.lt  (s 
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CSR.  we  would  conclude  dial  it  enabled  IT)  percent 
of  the  I’-liyals  dial  would  normally  have  been  con 
lac  led  |o  e.scane  detection  altogether,  c  i  jm  cent  to 
dive  after  bring  contacted  by  radar  f  >u  i  be  I  ore  being 
sighted  visually,  leaving  ,‘U  per  cent  dial  were*  si  ill 
sighted.  even  with  (iSR.  At  die  most,  diet),  si  can  her 
cone  hided  dial  a  red ue  t  ion  ol  fiR  per  reni  was  c  aused. 
\v,  an  o\ciadl  average,  dav  and  night,  ii it  hiding  other 
areas,  die  red  tic  lion  would  be  much  less.  possiblv  If, a 
lo  at)  pel  cent.  Since  the  sweep  late  in  S-baud  radar 
m  ;ih  h  is  under  most  conditions  several  times  that  hu 
visual.  die  use  ol  lad. ii  was  sdli  imputative. 

Kllniis  were  made,  thel'elore.  lo  revive  the-  con 
lidruc  e  in  radar  and  keep  it  in  opera  don.  ( am  lac  is  by 
vband  tadat  loniinued  to  he  made,  and  it  became 
evident  dial  (lie  (.erniaiis  (lid  not  have  nine  1 1  confi¬ 
dence  ill  1 1  it*  ellec  dvetiess  ol  dieii  scale  It  .tea  rivers, 
not  did  die\  ns<  ihriii  consisundv .  In  die  coming 
nloi it lis  thc*\  weie  to  become  more  and  mole  com 
united  to  die  use  of  Sc  luioi <  liel  latbei  than  search 
ire  eiveis  to  dcleat  \  1 1  i<*<  I  ladar. 

1 1*2-1  \-I$uihI  Radar  and  'Tunis  (TSR 

Since  act  S  band  scan  h  icceivei  could,  in  pi  in<  iple. 
he  high  Jv  ellec  live,  du:  use  ol  lad.n  ol  an  even  big  bn 
|j  ec  pi  el  ii  v  V\.is  an  obv  i«Mi\  m\l  VI  <  p  as  a  i  ni.UHe)  ineas 
die  lo  \a\os.  Development  and  alloc  aliolis  nl  \ 
band  (.*  i  mi  equipments  e  ven  j*i  e<  eded  i be  adu  in  ol 
\a\o.  amt  ucie  limlu  i  siiiimtakcl  bv  i be  problem 
it  j  tl  esi  tiled.  Ilolvevel,  I  lie  (.riniilih  Ui'lc  not  caught 
Mapping  diivtime.  \ 1 1  l|.\  blind  hombijUg  aiicralt 
c\,is  lost  nu  i  Ih  llin  in  j.ieuaM  I*M1.  and  lioin  the 
d. image  d  nmaiiis  ihr  (. *<  i lua.ns  Jeaim  d  ol  I  lie  new 
lit  i j n e n  ,. \  hand.  Ii  was  assiiliied  I ) i.i I  ibis  in  cpnuc  \ 
woiibl  also  be  applied  to  \S\  j.nlai .  .Hid  du.  develop- 
mein  nl  \di.iml  inte  rce  pt  k  c  eiv ei s  vv as  Mailed  licloie 
Use  t»|  the  \  band  facial  by  die  \ Ijir.s  in  (.’boat 
scan  Ii  iiad  produced  liianv  leserlis.  \  uel I  c le  signed 
tec  eivei  was  developed,  k  uov-  n  as  1  inns,  which  eon. 
sjsK.d  ol  two  anleiili.is,  die  Mm  hr  horn  lor  N  band, 
and  die  (  nba  ja  d' liege  )  dipole-  and  pal  abode  rebec - 
loi  lo)  S- (.mi id.  and  inslallal m;!'s  spilled  in  die  late 
spi  ing  ol,  If)  II.  i  list  a  lla  I  ions  s<  (i  n  pj  have  been  tain 
pit -led  dm  ini*  die  period  ;»f  inaiiiviiv  billowing  die 
w  tl  lit  It  a  will  In  No)  we-gia  r,  and  (ainiiin  bases.  Ink  die 
Opera  denial  use  ol  l  l.mii  Was  I'mi  gieni,  because  nl  die 
icliamr  'Mae  eh  on  V  hnoie  Ih-I  bom  dial  lime  on. 

The  e  hie  I  lea  I  ure  ol  I  unis  was  die-  diree  tinnai  :m- 
leii ims  wide  b  gave  ine  i  ceased  sensil  iv  it  v  and  i  ange.  1  o 


obiain  lull  coverage,  the  antennas  weie  rc.naieil 
manually  al  about  If  rptn.  Allied  tests  on  raptured 
specimens  of  ibis  gear  showed  good  performance 
with  a  range  of  about  la  miles  on  an  aimall  at  1 00 
Ji  increasing  to  III  miles  or  more  al  altitudes  in  excess 
ol  1000  It.  Ranges  obtained  in  operadona!  use  were 
undoubtedly  .somewhat  shorter,  hut  ’Tunis  was  ap¬ 
parently  an  rfi'enive  -searc  h  receive). 

The  outstanding'  lactic  proposed  lor  Allied  use 
against  Tunis  was  inteimiiieni  radar  operation.  A 
scheduled!  I  wo  or  ibrec  raclar  sc  a  ns  a  I  intervals  ol  1 
lo  If  miinnes  lor  a  n  a  now- beam  radar  will  point  die 
brain  on  laiget  tor  onlv  a  small  Irariion  ol  die  lime. 
Since  die  sweeping  CSR  beam  is  only  ocrasionallv 
pointed  at  the  ailcralt.  and  since  a  coincidence  ol 
diese  events  is  neccssarv  lor  the  TSR  co  achieve  a 
deleclion,  the  probability  of  deieciion  by  (iSR  can 
be  made  rather  small.  Discussion  ol  tins  procedure  is 
given  in  Volume  if  Ii,  Chapter  f>.  Since  it  was  not  used 
lo  a  significant  extent  in  operations,  ii  will  not  be 
disc  ussed  Itn  the  r  here. 

<  USE  < Jl  SCd INORCHEL  AND 
CVMOUIXAGF. 

Aj>paic  in  1  \  dissatisfied  with  searc  h  receivers  as  a 
means  ol  achieving  immuniiv  from  radar  deleclion, 
die-  T  boat  Command  turned  to  moiecbastb  ineas- 
in es  during  the  last  vein  ol  the  war.  I  he  dfvelop- 
iiic  tn  c»l  Sc  boon  ) id  Avas  c  al  l  ied  out  during  die  Juliet; 
Miotiths.  ol  Mil:)  ai'.d  lilting  ol  die  ccpdpmenl  lo 
l  boats  began  eailv  in  I!)  II.  Using  Scbnorcbc‘1  for 
Diesel  intake  and  exhaust,  the  T  boat  could  inn  al 
pet  isc  opc;  dept  h  with  oiilv  a  small  Schnoichr)  bead 
showing  above  the*  sin  lace,  vet  accomplish  the  vend 
ludoii.nl  die  boat  and  lecbalgeol  bat  to:  ies  I .I.ial  pie 
v  ions! \  bad  ic  cjuirc-d  mii  f;u  ed  opei  at  ions.  Starling  in 
the  spring  o|  PMJ.  T  brails  spent  very  little  lime  on 
die  surface,  et  if  pin  v  iug  Sc  I  more  be- 1  or  elec  U  i  r  propul¬ 
sion  almost  ex c  hisiveh- 

t.)iigmal  .Sc  bfiot  c  hef .  giive  teducecl  radai  echoes 
mc-ielv  becatfse  ol  ihc-i)  small  si/e.  As  a  icSitjl  die 
avetage  range  ol  xlelection  is  minced  to  about  a 
third  ol  dial  on  a  smlaced  C  boat.  In  addition,  the 
echo  is  I  rr<p  tenth  too  small  i  or  del  ec  lion  tut  I  i  I  it  lias 
enieic'd  die  area  of  sea  ret  inns  which  mask  it  cptite 
«  Ih  c  l i\ el v ,  and  many  potential  Sclmo)“cbel  contacts 
are  missed  completely  for  ibis  reason.  Even  wit  bout 
camouflage,  a  Sc linorc.be I  is  a  diffteuft  target  lo  de¬ 
lect  b\  radar.  Not  content  with  ibis  slate'  of  aflaits, 
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die  Germans  developed  nonrellei  live  mat  mgs  I  nr  ap¬ 
plication  in  Niimoichel  which  still  further  reduced 
l hr  echo  Imm  st .  Foj  uui.iti  lx  this  c  muon  Mage  leached 
operational  use  oidx  a  sew  months  hrlnse  (hr  end  nl 
World  W  ar  \  I. 


,Li  1  Radar  Detection  of  Schnorchel 

lu  older  in  evaluate  die  pel  Im  mam e  ol  radar  in 
detecting  .SrhiinM  liel  numerous  trials  have  him  urn- 
diu  led  with  dunum  or  imxkup  Schnoiiiirl  targets. 
1 1  is  (ml  intended  in  present  a  sinnin.il  \  nl  them  here. 
Phe  values  cjtioied  in  i  able  !  are  ixpic  at.  I  hc  figures 

I  Mill-  I.  I  rsi  icniiIis  on  Si  ilium  iirl  driiM  linn. 

.  \s\\  III  ni.iK. i 
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as  \r.s-r>  am. 

\\rr,t«»i‘  |.UIJ*<-  nil  Mill. m  il  Mill  iinilrsi  .‘l‘j  II* 

\irr  .i^r  ranj,’r  mn  Si  liiton  lirl  .iniit’M  I  *>. “»  i  I 

*  ,  Mills  nil  l»  llj(  ll  i  (Ull.n  I  lll.idl*  (Ml 
sihntmhr! 

V.i  si. ill’s  I  .mil  ‘J  s'J  it7 

Sim  si, iii;s  ;l  .uni  l  V* 


show  a  sei  inns  icduc  I  inn  in  both  range  and  i  rliabilii  \ 
nl  deleilinii  a&  mlMpaied  will)  dial  nil  a  still. iced 
l  ‘  I  mat.  I  )e  pending  on- 1  lie  lad.u  set  im  nixed  and  tin 
Sea  stale,  the  i<  dm  lion  in  sweep  i.iie  xarii-s  limn  7'» 
pi  I  Mill  tn  !!'■»  pel  (rill.  i-xen  I  hough  die  position  nl 
du  St  hum i  lie!  w as  appins iiii.ik  h  known  in  ih<  sr 
dials,  whiih  would  make  drtrdion  muVaJisiiialh 
r.isV. 

Opt  iaiional  i.i  stilts  hau  I >«  i -t i.  <  wn  mole  disc  mu- 
aging/  I«*»  I  he  pel  iod  Nowml/ei  Id  I  I  :«.»  W.ntji  MU;* 
.m  anatv  sis  was  made  nl  a  legion  mai  die  I»iitis|i 
isles  uhjth  t  m/li  1. 1 1  HM.I  aholil  0,10  I  ho.ll  pt  l  KNJfll 
st |  milt  s  Assuming  dial  ihev  h.titl  been  Sihnoirhrf 
jug  .i  I  mu  I  a  ( |  n. ii  tt »  n|  die  l  in  ie.  t  he  rsprt  led  iminhei 
«  j!  sight  i  rigs' ii  nidi;  by  the  IP, .'Itin  fixing  hours  dnite  in 
llie  .0  eu  won  Id  i»e. 

\ iiinljd  i  il  sight  iugs 


I  lie  total  milnhei  oi 
i  .niai  <  uniat  is  made  <11 


an  a. swept  deiivix 
nl  Si  hm *1 1  IicU 


IJ.2 


1 .000 


ip,.;i,n  ,  n 
i.li \o. 

sightings  and  dbapprai  ing 
night  was  1 1>,  v *  dial 


.5  si  j  miles  per  hour. 


(I) 


I  he  .sweep  xviilih  is  then  about  I  iO  ol  a  mile,  only 
about  1  j>er  rent  nl  the  xahte  on  a  surfaced  I1  boat. 
In  operations,  then-lore.  Si  hiioti  hel  has  been  very 
*.;irie:»s!iil  in  iouiiicung  ladar  deieiiion.  in  dir  day  - 
lime,  when  xisual  sightings  are  also  possible,  its  i i ti¬ 
ll  1 1 1  n  i  I  \  homionlait  is  not  ipiite  so  great,  i  he  sweep 
width  has  been  ext  imated  at  O.li  mile. 

,4*’La  Countermeasures  toSchnorchel 

A  munbiTol  iwiJiilei  measures  to  Si  hnorc  hr)  have 
been  emplnxed.  among  diem  the  billowing, 

1.  Mndilii  at  ions  in  larliral  dor  nine  to  malih  the 
ileei eased  radar  sweep  with  h  (see  Volume  21$).  I  his  is 
not  a  mi  i  via  sal  si  ale  bn  tor,  bn  I  must  be  analyzed  Ini 
eaih  seat rh  plan,  For  e\atnple.  die  shm  tel  aiiciufl 
ladar  range  is  pariiailx  compensated  lor  by  the  dc- 
c  r eased  snlniiiU  ine  speed. 

2.  Radar  modi  fit  at  inns  lo  impiove  die  ellu  it  a  icy  ol 
i  iiiitiu  i .  siu  li  as  sea  return  disc i  imi'ialni  (  in  nits. 

a  \eu  i  ada t  ilex  elopusenis  nl  high-power,  nar- 
inw-’beam.  shm  t  pulse  ecpiipinenis  designed  in  pro- 
\  ide  belli  a  lesolutinn  in  seal  eh  ior  sma  1 1  I  at  gels. 

I  lu  xe  have,  however.  b\  no  means  solved  i  he  prob 
lent,  and  S<  future  lie)  remains  a  very  diflu  uh  object  to 
detec  1 .  In  die  oveiali  picture  of  \ S A \‘ ,  m.ii  laiv  nail 
liau’  pJaved  a  verv  inipotlanl  part  in  (ombniimg 
S<  hllnlc  bf  I  npM  al  inn’s.  1  hr  del  I  eased  speed  and  IIIO- 
! » i I i I \  ol  a  , Sr  liiimr.beling  su biuapine  rcrpiiic.  it  to 
opiaaie  in  ri  laiivelv  resiiji  led  uab/is  and  Ineal  aieas. 
In  siu  h  i mid  it  ions  scab  h  and  Mumicmfh  nsive  opi  a 
niniislav  sin  lac  e  r }  all  hax e  gnni I  cjl.'im  es  nl  Minns. 
\s  mentioned  in  (ihapier  la.  die  use  < »f  sono-huovs 
Im  delei  f  imi 7»|  Hdniuidn  I  lias  promise. 


11  1  *  German  Camouflage  Devclopnixuds 

I  lie  geni  tal  problem  ol  udar  laiuinillage  had 
been  under  intensive  snub  in.  (»ennam  shirr  [line 
1 0  I  a,  Inn  i  he  dei  binn  ivijippl  v  ab.si  n V  mat  ings  to 
Si  hnoic  luds  was  mil  inadi:  until  the  lull  ol  JO/1. 
Plans  weic  unde  and  put  .into  elicit  at  this  lime  to 
provide  mic Votviixv  protiition  lot  all  (’‘boats,  and  it 
Is  estimated  that  100  to  I.^Oiialt  wen*  artiially  fitted 
with  coaled  Vu'uiouheJs  before  the  end  ul  Manli 
WI.k 

}  wo  ivprs  ol  coalings  were  eniplosed.  the  [an 
maun  and  U'esi  h  absorhers.  I  he  [atimann  absorber 
v  as  imtde  up  oi  spar  ed  graduated  layers  of  seniicon- 
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march  radar  in  u ri.ation  to  i;m:.\iy  (:oi:nh:ioii  uip.ks 


1 1)0 

dueling  pa  pci.  Hie  Wcsih  absnrhri  was  made  lip  ol 
s  iiijim  i  iii.it  ( omaniing  :i  high  per* cut  age  ol  iron 
powder. 

I  hr  ];iiiin;in!!  absorber  v.;«s  t he  ijidii'  i  Sh t  M'v r,  a i id 

*rpoiis  appeal  io  fir  irliahlr  in  that  ihe 
\  ange  ol  dciei  lion  on  a  Si  It  non  hel  mated  with  il  was 
onl\  I  .*>  | >rr  i  mi  of  ihr  range  on  ihr  inn  oaicd  .s<  hnoi  - 
cllcl.  Our  ol  ils  disadvantages.  however.  was  lhai  il 
hail  In  hr  pi elm  nice!  and  could  hr  nsc-c I  c»iil\  on  II. n 
and  t  \  I i nc { )  ha!  mii  hit  es.  I  hr  ahsoi  pi  iv  i-  propej  i  ies  ol 
ihr  H  im  h  absorber  Writ*  not  so  good. 

I I  in;t'  In*  (  oik  hnlrd,  ihrirlorr.  ihai  ihr  iim  ol  Midi 
ahsoiheis  would  make  Schnntilnl  piaclicalh  sale 
hoi n  drin  i if »n  in  Idem  (and  also  hmj  i  ad.n  .  i  in 
(•clillatis  wrtr  mi  untied  with  ihr  possibility  ol 
danger  hum  ladai  ol  longer  wavelengths,  Inn  i{  is 
doiihilul  ihai  radar  ol  (his  ivpc  would  hevnv  rflrt 
li\r  against  site  h  small  laigeis.  I'm*  ol  a  vaiietv  ol 
hr<|UrH(irs  would  (onnln  ihr  c Hri  li\ i.niess  ol  ilirsr 
ahsoi  hers  io  souk  rsiriti.  nnii!  ahsmhcis  arc  drn  l 
oiird  Io  i o\ ri  dir  whole  iMKiowaw:  hand 


CONCLUSIONS 

It  tan  iliiis  hr  sent  {hat  this  mk cession  ol  measures 
and  i oimirrmeasui rs,  lac  tie ;d  and  otherwise.  repre¬ 
sented.  in  ihv  main,  a  series  ol  eoneessions  hy  tin 
l'  boats  to  Mr  elieci  i\(  jh  ss  of  radar-</<|uipped  air- 
craii.  Titt'  result  Inis  hern  a  great  rediuiton  in  the 
mobility  ami  attack  potential  ol  (lie  (’-boats,  which, 
however,  has  gained  ihrm  considerable  iinmtmiiy 
from  aii  hoi  nr  radar  search.  1  his  situat  ion  was  remg- 
ni/ed  m  m  dearlx  In  ihr  Crnnans  and  iheir  large¬ 
st  air  pt  ogi  am  lor  i  he  development  and  ini  rod  ur !  ion 
ol  new  ivpes  ol  l  ’  boats  ol  increased  undri  water 
speed  and  rndui.mre  was  an  attempt  to  overcome 
these  limitations.  Whether  hn me  submarines,  with  h 
will  pinhahlv  he  Ion  ed  io  operate  almost  lot  ally  sub¬ 
merged  (or  oti  a  Sell  lima  hel),  can  ac  li  ieve  i  he  sun  ess 
which  suhmai  ines  had  in  World  War  II  is  a  problem 
lot  upcwdaiivc  analysis  bevond  the  scope  ol  this  dis- 
(  uss'jon,  New  lechuuai  developments  make  it  seem 
ipi  ilr  possible,  1 1 owe \  el . 
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Chapter  S  5 

COUNTERMEASURES  TO  SHE  GERMAN 
ACOUSTIC  TORPEDO 


INTRODUCTION 

i  u i \(.  itii  i  \m  110  months  ol  \\  m  It!  \\  .u  II  ( »ei 
m.m  I'hn.us  made  opera  ( iouid  the  ol  atoiisth 
torpedoes.  wide  h  urn  Iii^i  emplow  d  in  Sr^icnihn 
I  * )  C’S.  I  he  n<  !iri  ;il  pel  Ini  nvini  e  ol  ihe  loipedn  is  as 
IiiIIdum  h  is  filed  in  (he  uminal  mannei,  dial  is. 
under  i^ahi  (ontaol  mi  a  collision  ii.niisc.  When  die 
torpedo  ionics  Millie  ielll lv  rinse  In  a  noise  souitr. 
sin  h  as  lilt*  ship’s  pinpelltls.  il  heals  die  noise  and 
“homes’’  on  il.  i.r..  lions  imv.inK  die  sourre  ami  at 
tempi*  In  keep  lu  adt  d  inwalds  il  uiilil  a  hit  dkiiiv 
Ihe  lOlpedu  need  nieieh  ionic  within  linmin^ 
i:uij»e  ol  die  ship  lo  have  a  Iti^h  prnhahiluv  <>i  hit 
i  ini*,  in  cllec  t  ii  males  ioi  iisi-ii  a  i  :*  l  «■«  'l  and  mole 
Ottilia)  laie.ei  diau  dial  ni  an  tudiiian  “sii  aii»hi- 
i  im"  ini  pt*do.  |  lie  loudt  i  ihe  ship  (ivi  die  In  ipient  ' 
hand  i  et  eix  ctl  l»\  I  he  l«»l  pedm.  ihe  t;i  t  ah  *  v\  ill  lx  die 
homim;  I an^e  jnd  ioii*.him  ni!\  l  he  el|i  <  i  m  in  ss  <i| 
i  lie  Ut.il | 'Oil 

n,IJ  Ivpcsol  <  aninlei  mryi<airrv 

I  lie  sjmjih  si  id  ilu  si \i  i.d  po'jiyiihh  i  «/ii  im  i  im  a 
nos  lo  si,n  h  a  imprdo  slowin';.  die  lanni  is  sii  ; 
••i  si  i  1 1  1 1\-  ihe  I  at  i  dial  a  ship's  sound  mil  put  im  i  e.iM  * 
lajdfllv  <v  i  I  It  spiid/.A  ship  Is  .0  ninth  nuuni  ai  / 
IniVis  ddm  .n  I  i  l.ijnis  dial  du  homiiiu  i  ainv»« /is  oid\ 
ahiiii  i  One  Ii  1 1  h  dial  .if  i  Im  Ii  le.ln  i  >p«  <  d .  .mil  i/m  «  1 1 1  > 
live  iji*v«I  a/e  is  i<n  m  spi'iidiit'd'  n  dm  t  d.  sjou im* 
t  oitsitjei  ‘I  hl\ .  im  n  a  si  s  \  nlm.i  ahiiii  v  in  lofp<  i|/>*  s  V  •  I 
nlllei’  I'pes,  hniM  'ri,  (llliel  flit  , ins  o|  cpiii  lint*  die 
sj»ij»'s  pi  o  pel  I  el  s.  mu  h  as  mask  Oi.e  I  In  m  u  il  h  I  mi  hides. 
Iiax'.  al  In  si  halved  liu  lioiniiin  •  .'iiij»i  ill  le  sis n  i  da  It  . 

‘•low  invi  ihe  ship  is  all  <  sample  o!  .*  tm  htnl  t  omr 
leinaasiiie  sin/.e  no  non  jje.n  i-  ie«pmed  Im  its  in 
liodmlion.  A  nmh  • n  /  < otmiei  nieasnie,  nil  1 1 ■<  olhei 
Inaid.  is  fine  whit  h  doe-,  inwdve  die  use-  ol  special 
1 1 1 1 1  i  | ;  i  m  (  hi.  \nodiei  in  pc  ol  taiiica!  i  miiiiIi  i  unas 
nie  is  pi > . . ’ hie  ii  ihe  taij»fi  ship  has  uill'eidil  Warn 
in**  as  |t>  when  and  where  du  foi  peclo  is  fned  and  d 
die  lolpedo's  hoiiMiti;  taii”r  is  1 1* * i  loo  '41e.1l.  \  l  ;i r I i 
i  ,i  I  mailt  ii  \  ci  iimn  III-  Iii.itlr  which  will  kt  vp  i  he  sli  i|  i 
nut  ni  lisienin^  iaii*»r  »-*!  du  loipedn.  I  his  has  hern 


called  .i  ‘step  aside"  wlu-n  used  l>\  an  antisubmarine 
vessel  aHenipiin<i»  lo  approat  h  die  suhinai  ine  Ini  an 
an.uk.  Ii  is  UM;hil  nnh  when  (omaci  has  hern  made 
ai  It m it*  ian»e  and  hampeis  du-  ship  eonsieh i ahlv  in 
its  atlempl  ltij*el  in  losonai  conlatl. 

Ihe  ihiid  lac  deal  t  m  mu  rilieasiire  is  In  mainlain 
a  speed  141  ealer  (flan  dial  ol  die  1 01  pet  In  a  ik  I  is  iheic* 
hue  tinav aila hit-  m  main  ships.  A  torpedo  homing  on 
•  iaii»i'i  lasiet  dian  ilsell  will  u.suallv  he  lel'l  he  hind. 
Ils  listening;  selisiliviix  is  limiied  bv  ils  own  sell 
noise/'  whit  1 1  in  nun  im  teases  1  apidlv  wiili  ils  speed. 
Ilms  some  <  onipi  0111  ise  is  lecpiired  helween  speed 
and  homing  range  .  and  an  atonslic  Inrpeclo  will  iimi- 
alh  he  slnwei  than  ils  so  aighri  mining  ( oimln  p;n  t. 
I  ‘Ik:  ship  spi «  d  i»  ipiin  d  lo  unit  tin  die  ( iennan  lor- 
peclo  was  jniiialh  c onsideiecl  in  he  ahonf  20  knols; 
lldsisiimale  was  laid  laised  In  2a  knols.  hill  final 
iidonnai.inn  imlicaied  dial  20  knols  was  adeuuaie 
.tiler  all.  (a.ml  imial  1  hum  ns  n|  a  .50  km.u  modi  lit  a  I  ion 
fid  die-  1  oipt  c|o  c  a<i  donhis  on  1  hese  litjiii  es.  lu nvever. 

In  arid  \  I  inn  I  n  die  aho\  e  l;u  l  ic‘a!  t  emu  Id  ineasi  lU;s, 
du  l'c  an  st \c  i.d  possilile  m.Md  /rl  (  oinild  nieasiii es. 
.)  hfse  psnalh  imnoIm  tinier  inuhr.i  s  j\M's|.  whic  h  ,ue 
"Si  11S 1 1  de\  it  es.  mi  sc  v  11  al  I  lines  I  one  id  dia  n  a  ship  ai 
1  lie-  In  cjuc  lie  ies  n  \ -ei"x«  d  l»\  i  In:  loipedn.  The  \M  s 
hum  Im-  place  d  so  as  lo  alliar.f  lln-  Impt  .In  on  ii.v 
i  nil  i.d  a  pi  nac  h  and  llnnalle)  j  M  e  \  i  1 1  its  o-d  |  ine;  ill  In 
a  pem  Ivon  in  hnlile  nil  die-  ship.  I  In  the  end  ol  1 0  I 
«  sc  oi  I  \essrls  wi  le  etjliippetl  in  low  ime  or  two  noise 
maid  s  a  hoi  1 1  2' 00  oi  .imc-hi.  I-  tjn  ipuieni  n|  i  his  i  \  pe 
'.was  die  si  a  nd'n  cl  ina  lei  i  cl  c.ouilKTnieasin  e  einplovetl 
during  die  lemaiiidc  i  ol  W  oih.l  U’ai  II. 

Ihe  e\  a  Inal  ion  ol  such  c  nlnild  me  ash)  ( '<  would  he 
mmh  simplifietl  and  shiphoaitl  moialc  nuuli  irn 
pi  lived  il  sonic  indication  weie  i»i\en  when  a  (or 
pc  (In  has  heei i  vUceesshdls  (onilteiod.  I  )e\ elopnien I 
w<»  l  was  done  on  scSdnl  devices  in  delnnaie  die 
loi  pccln  hehue  il  1  eat  lied  (he  s|up.  I  ilese  included 
nc  is,  if  •* ;< i  iii*4  ha 1 1  ids,  <  xphisivc  six  ann  i s.  and  ina,i» 
iii*t it  fields  set  up  !>n  i railing  c  Jc  iiiie  cahlt's.  i  hex 

’»  St»jsr  'jc  iM'ialcd  l>\  live-  Cinjn  clci  inc!l.  } >.n  licitl.it  In  ils  j*m> 
|u  llei'-.  males  a  ^ii  I  »-l  a  1 1 C  i.r  I  i  *ilil»  il  nihcM}  lee  the  l»:ii  k/Mniliie  | 
ne»ise-  hr. ml  l-y  On*  .icon-lie  iu«  <  haiiisin.  (’hi-,  c c  n; ; ;l>li l ;«>u  is 
i  ,i H r< I  sj-l  I  neiisc. 
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i ft*  coi  n  ri:u.\i i:\sr ur.s  to  1  in: 

were  simplest  and  mn»!  e!!ci!!\e  when  used  with 
towed  \Ms.  However.  du*\  were  mw  issued  hr 
» ;msc*  uric  hagiir.  ctiilic  nil  to  handle,  mireitaiu 
in  eflet  i i \ *  uess,  and  sri  imis|\  impeded  i lit ■  ship  s 
m;mciivtTiin>. 

A  lowed  \.M  a!on«-  inti  l  ines  «oiisiuei.ih!\  wiiii 
the  ;mi  isuhnuu  inr  vessels  oiFcUsiw  I  lit  lowline 
rcsiiitis  sin*  maueuwrabiliiv  nl  the  ship.  and  the 
sound  lieiieiaietl  imrHrrrs  with  sonar  and  «i\es  dm 
sulnnariiu  early  huh  ophonr  warning.  lo«ti  aiomul 
ihese  disadvantages  *  on.side)  ai  ion  was  “j\ni  lo  ex¬ 
pendable  noisemakris  projected  itoni  (he  ship  or 
dl  oppecl  asiei  n.  lb  I!)  I.’»  mk  Ii  noisrinakrrs  had  Iw-en 
pindmcd  (oi  maskiiu;  l*.  S.  siilnnai  iin*s  horn  cm  m\ 
sound  “ear.  and  iheii  prart  it  ahi)il\  as  a  mi  petto 
MMinlel  measure  had  hern  tested.  Ns  loin»  as  lime  is 
daii/'ri  o|  a  loipcdn  In  ini;  hied,  an  \\1  nmsi  hr  pio 
jet  led  a  i  least  note  rvn  \  ‘HI  set  .  I  ll  is  r\  pend  i  I  111  e  is 
feasible  on|\  when  a  submai  site  is  known  lo  he  t  lose. 

1 1  has  Ion**  been  ciin  isa“rd  I  ha  I  l  he  ultimate  1 1  unite  i 
measiile  *.o  aXotisfi*  loiprdors  wotdtl  in<  oi  j.»oi  ale  a 
tit  let  (oi  wiiith  would  “i\r  siilfit  iem  wjtnhtL*  of  an 
appio.u  hi.ii“  mi  pedo  |o  tn\rsh<*aie  ( he  suet  ess  I  id  use 
ol  expendable  X  MV  Stub  a  delta  lot  is  not  vel 
available. 

1,1  “  Scope  of  rut  ! her  Discussion 

.1  |k  ■'fciilk  »»!  (hi-  t  ha  pit  i  dt  a  Is  with  I  he  <;\ .dual  mil 
f ; j  low t  1 1  \  M  s.  si Nt  e  ibis  i  v  pi  of  t  <  iiinir  i  ineasm t  w as 
oj.  piinMiv  impoil.niit  tluiint’  Woild  \\;n  II  I  I  it 
t  lb  « i  :\t  in  s*.  ol  mu,.  I*  a  t  on  nit  i  iin  a  sin  t  depends  on 
d  k  i  not  It  ol.  i  »pri  a  I  loi  i  ol  i.h*  I  ol  pt  a  Ii ).  a  i  |d.  d  it  1 r(o|  t  , 
ll|«  •  1 1 1st  llssjop  tje.t  |s  t  III  oll'di  I’M  alls  w  lib  lli(;  t  \alna 
lion  in  die  I i *4 1 1 1  ol  tjiah“m“  iiildiin.iiion  tontein 
in;r.  live  nal  lire  of  tin  i v »*  pedo. 

I  In  nmsi  inij'ioHa nl  inhumation  m  he  "leaned 
loan  opi  laljonai  tiala  is  alst>  nit  hided.  I  lit  data  air 
dist  nin  .it*  i  1 1*4  since  in  niosi  cases  mil\  (hose  (mpt 
does  which  hit  ships  ;ne  delta  led.  In  addition  ii  is 
•  billt  u!»  lodctidt  width  loi  ptaloe.s  wt  1 1  ai  oUsf  it  .d  l\ 
lonimlli  d  and  rhisinakts  inlet  pieiaiion  ol  (he  dan 
tint  t  i  lain,  il  is  hoped  dial  '  hi  se  diflu  nil  it  s  t  an  even 
iK'dh  he  overt  omr  l>\  analysis  ol  German  Admit  alt  \ 
letuitls.  which  should  j»iv<!  I  in  1  lu*r  information  on 
I  he  opt  laliruial  elite  liu  ness  til  Nllied  •iniseinati  iv 
,  |-\pc  ridable  \M  sdid  not  see  oprl annual  list  and 
will  not  lie  disc  ussed  Imihc-i.  I  !m\  nmsi  he  kepi  in 
mind,  howt  \ « -i .  as  ha*  iii“  possible  Im.ure  usehdness. 

1  )<  tailed  evaluation  ol  lat  (it  at  tnunn  i  mt  asm  rs  is 


(il.KMAN  AC:orSTIC:  TOtUM  !H) 

;mvj  oniiued.  It  is  now  i eh  that  hi^h  speed  is  the  onb 
lie  Ik  al  t  oi i u i eia i leas i ire  likeh  to  be  \ei  \  eilerlbe. 
and  ii  tan  rareb  !.»  used. 


development  or  towed 

NOISEMAKEUS 

i,~'1  (iennan  Introduction  of  Acoustic 
T  oi  periocs 

lb  e;n  b  l!M:»  intelligence  iiilnrniation  indie  tiled 
that  l  he  ( it  a  mans  bail  an  at  oust  it  torpedo  ill  pit  mIiic  - 
lion  and  dial  suttesslul  ]  imnin“  It  sis  had  been  made 
the  pievious  summer.  At  t  oid  ini>I  v.  the  Allied  slrnb 
ol  emintei  measures,  which  had  been  billowing  aloii“’ 
with  the  drv t -lopint  til  ol  similar  tot  pedoes.  was  j)iu 
on  a  high  p i  i < > i  it \ .  Soon  the  clillelent  possibilities 
mentioned  in  the  Inuodtuiiun  had  all  been  given 
m  mu  t  oiisidei  at  i<;m. 

Nu  extelhni  l;owed  \  M  was  aheatb  in  use  lo? 
sweeps  n:;  acousi;^.  imties.  1  Ins  <!t  \ite  t.onsisis  ol  i  wo 
steel  bat  s.  <  lain  peel  pal  a  I  lei  t  lose  together,  whit  I)  arc 
pnlleti  ( mi < > 1 1 1 1  die  waier  in  die  direction  pevpeii" 

1 1  it  i  da  i  In  the  plane  t  t,»nlainin“  llieii  axes.  ‘1  ii<'  Wilier 
lit »\\  iii“  Ik  t  wet  ii  i In  in  t  ,mses  i he  bars  to  strike  a“ainsi 
eat  h  othei  and  “b<‘  oil  iimt  ll  mole  arnuyde  enei^v 
than  does  a  ship  :n  all  lietpieiu  ies  “leait.r  than  I  k< 
liolh  (.nat  Ihilaiu  and  the  l  niied  States  pio<  ceded 
lo  niotlih  i  loi  mi  1 1. 1  kta  s  ol  i  Ii  \  type  so  tiial.  diet  <  on  Id 
b<  it  mm  <!  ,n  an  at  It  1 1  mile  speetl:.j.il  least  I  0  k  not  si  ant  I 
pfothic  e  “oijtl  sound  output  !or;a  (ileol  seveial  lit>ms. 
f  lie  pat  aHekbai  l\  pe  ol  iioisenlakt  i  liassiibsetpiemb 
bet  ii- 1 1 1  “ellei  a  i  Use  bv  both  llli-S' ies.  ' 

lb  M : i \  I'jl.i  ! lie  Ih  it  is h  had  inloi  mal i(,in  iudnal 
il»“  dial  die  ( .el  m.il'l  torpedo  fit >i in  tl  a!  LMt  tnois  wit  It 
a  minimum  mi  nin“  latlilis  ofaboul  101)  Vd  and  thru 
in  lioini.U“  i/m^t  1 1 1 it* h i  lie  as  “teat  as  wl.  I  h <  \ 

abo  sii““esti  tl  that  the  impedo  mil'll!  IjC  “hnwaid*- 
listenin'.’."  in  odmi  wtucb.  Dial  the  hvdt ophone'l 
mi“lit  bt  ncin  inseiisiube  to  any  sound  appt o-.n  hin** 
b  t  nil  near  the  loi  pet  Jo’s  stei  n  (in  oi  dr-:  lo  i  edut  e  the 
sel  I  lioise  ll  oin  Us  pi  ojn  lit  )  si. 

In* mi  diis  infm tna: ion  dm  Jbilish  tout  bided  dial 
two  ,\.M  s  should  he  (owed  1^00  \d  astern  and  sep¬ 
al  and  b\  al  -Mill  |0U  \d.  \s  will  in  shown  latei.  die 

'■  Nfi  aoaisiiv  lf.i|;n|t>  itiiiM  noi  tu*  snisilive  it»  .i  limn  lie- 
■  1 1 1 «  » ;  c  \  l»i  t. iiw  1 1  s  1 1 1  <  i|  1 1  ;i  ji  k  n\s|it,_i  sm.ill  t  Utm^If  !<i  til  |  •  i  .! 
i  in  pi  dii  umiiM  ji>>;  ; -i  ii  IIk  uni  |\  dir:  c  i  imi.i  I.  i  h,||  I1.,  mu  Id  mil 
dll  iin  sul<  mi  i\  I  mi  1 1  ,i  imiM*  t'-is  hr.iick 
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torpedo  is  w  i  \  likelv  to  ove t  take  a  lowed  noisriuaker 
from  the  scar  at  sometime  in  its  gvrai  unis  and  to  pass 
t >\ t-r  ilu*  \.M  and  In  ad  toward  ilu'  ship.  With  a  lor 
want  listening  lot  pedo  thole  might  Ik*  i  onsiderahlc 
danger  that  the  impedo  wo:dd  i  scape  hom  a  single 
\  M  at  this  dnu,  hear ing  and  overtaking  the*  ship 
while  keeping  the  \M  in  tin-  insensitive  an  aMei  n. 
II,  however.  as  it  h  i l  one-  \M  behind.  the  lot  pedo 
found  another  on  its  In  am.  tliis  set  oiul  \  .\1  < on  Id  hr 
relietl  onto  take  ( onuol.  I  he  simplest  wav  logeidiis 
protection  was  to  !ow  two  noisemakeis  ahreast,  Midi 
<.  ietulv  separated  to  assutr-  that  win  never  the  ship 
was  ahead  of  the  impedo  linn  was  also  an  NM 
w  iihin  I  HI  degrees  oj  tin-  im  pedo  *  how.  I  o  pu>\  ide 
sepasatiou  tin  Ih  iiish  began  developing  a  diveiin 
with  the  net essaiv  ntddeis  to  low  an  N\l  fastened 
In  low  it  at  tin  iruuiird  disiaiue  out  o|  the  ships 
wake.  I  hev  u!l<  ath  had  a  patalfel  pipe  noisrmakri 
with  a  sound  out  pm  ‘Jtl  dh  over  that  of  a  ship  anil  an 
einlm am  i  o|  !_’  »  hi  ,n  Ilf  knots.  |  In-  name  l-<)\|-  K 
was  given  h>  the  complete  set  u|  lliis  noiscin.i k i i it* 
**i  at .  on  Iodine  t  w • »  \  M  '.  i  wo  div ei  tci  and  tin  tow¬ 
ing  ha  \\  si  i  s. 

In  tin  l  Milt'd  Stan  s  a  patallel  h.n  tmiseuiakei  des 
in, n.iied  I- \  R  was  in  pi i »t 1 1 1 1  i ion  l>\  |ul\  l!M  5.  I’n 
I  in  i  inai  v  i  in  oi  ei  j<  al  si  ndi<  s  had  lx  eii.  in.it  li  ol  i  In-  I  n  ■ 
liavioi  ol  ail  a< oust ii  Im  pedo  miiiIi  t  the  inlhn  me  ol 
a  ship  si i m I  an  1  \  Is  ‘inn  It  as'et  n.  i  he  I  .it  it  assnmp 
l  in  1 1  was  math-  that  I  hr  loi  pc  <lo  t  mi  It  I  listen  ei  pia  I  l\ 
wcdl  in  all  tin  t, t'.l ions'  1 1  was  c  s mm  hided  I  hat  one  \  M 
t  on  Id  lira  imam  <  on  I  ml  /  i  I  :  In  i*»l  pi  do  mn  *  tin  im 
jM  do  h.n  I  it  .11  In  1 1  it  and  that  llu  oiilv  dangc  t  an»s». 
I?  mil  i  oi  pr  doi  s  In  <d  Ii  on  i  tin  'ft  I  h  a  in  .id  ninth  wei  e 
dt  awn  in  to,  m  \<  i  v  .«  lose  to.  die  sh  ip  w  hilt  homing 
on  I  In  I  \  Is  ’  :: 

I  > :  i  j  mg  rh«  •  smninei’  souk  pi  is*»lt«  »  o|  w  .n  inloiiii.i 
'ion’  «l:m  i  p.»o\«d  l.ilsfi  mdii.mhl  that  tin  h\di.«» 
pi  mi  lit  s  wai  t  along  the  im  pedo  s  sii.h  s.  I  his'feiided  to 
sidwi.inii.iUf  llu  .ill  .umind  listr  ii;,nj'.  ihi.mv  and  th< 
lii  lir/l  hi  1 1  if.1  ad<  ipiat  v  ol  out  noisthnakrr. 

IhiVuMI*  ol  wal  also  slated  that  the  I'orpcclo  was 
joj  use  piim.niH  as,anisi  t  si  oj  i  vcsm  Is.  eiia  bliitg  i  he 
(  Iio.m  to  (lismpi  a  t  onvov  s  th  lenses.  I  his  possihil 
ll\  had  no',  on  titled  to  tin  \lhes.  prohahlv  het.ause 

j  i  .l.|i  i  l(M  n  -  «»l  l  lii\  i  -■  | x  an-  ills*  {{«.*.*<!  i  >n  |>  >■■■  Mi". 

-I  Mm  1 1  el  ihr  ;.irls  ii.lm  in  in<»l  CMH  <  tin  (imhuii 

.iii>!ImI<  ha  po|o  u  r  il»ltniiol  hom*  <nh  nn^  mini  "I  |»i|noIi«i». 
/i|  U,i|.  I  i  ittjl  I IIH. ill  l\  I  f  |C  \  <)|<I  1  o!  lit  'Mliil.ll  .Ills  1  h  O  r_- 

<>l  1 1 >.  id  <ii :■  1  ii|ir-i.in<»:i.  m.»  ili.ii  a  w.i*.  n»t«-.»*iv  to  a.  <Imo-  •** 
let  ‘!im!  > a  ii|mi  ,a mu i  ) i > in i  IM-M.itnii  ii's  Mh'n  i !tf.i(»iis  u  i ii<1i  il>« 
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the  s<  leening  vessels  had  in  vt  t  been  a  major  tarred," 
and  because  ii  was  t on-sideied  unlikelv  that  llu:  sell 
noise  imdd  he  seduced  enough  to  allow  a  speed  :<s 
«l»eat  as  lf()  kinds,  k.sioi  t  vessels  now  veeineil  the  most 
logical  targe! s  Im  an  at  oust  it  lot  pedo,  Iiowcm.  i . 

I  lieu  speed,  mam  nv  eiahihl  v .  small  si/e.  and  the 
Irrfjurmv  with  width  thtv  wet  e  hearing-  dow  n  outlie 
[  '  hoat  and  thus  pi esenl  i.ug  a  \ el  v  small  how  aspet  I . 
all  ten det  I  to  ilia  ke  es<  ot  Is  v  el  v  pool  l  at  gels  lot  oi  t  li- 
itaiv  im  pet  hies.  With  a  homing  lotjxth),  how'evet.ail 
these  tlisath  aniagt.s  were  tarn  riled;  the  highei  speed 
gave  a  loudei.ancl  ihetelme  latget  Jiaiget,  while  how 
shots  welt  povsildv  pieleiahlc  lo  hejmi  ones. 

More  ellm  i  was,  lliei  t  lme,  e\ peiuh-d  on  patallel- 
iiat  \.M sniiahlr  k)t  liigln-t  speeds.  I  hr  Hi  it  ish  ) an 
into  mot  e  (I  illn  u  I  lies  with  i  heir  t  mnhei  some  1 1  ivc-t  t 
ets.  hut  the  possildltlv  ol  gelt  inj»  silt  !i  gt'ai  used  sin 
tcssfulh  si cined  gi ea let  when  ii  was  lo  he  handled  l>v 
naval  c  urns  than  hv  men  haul  vessel  <  lews. 

Snt  h  was  i  he  si  mat  ion  when  I  In  ( -  ei  mans  wet  t  Inst 
leads  lo  ttse  lln.-ii  atmislic  loi  pedo  a«»  ins!  the  Allies 
It  was  in  1 1  cm  I  lie  etl  on  VpU -mhei  If.  I!J  ll.  dm  ing 
the  htsi  It  i  M  stale  \  ot  I  h  \ilanlii  opet  an'ott  situ  e 
Ma\.  namelv  the  wo!!  park  aiu.t  k  on  Ormvoys  0.\S 
IS  and  f  >.\  'JOlf.  I  htee  t  v  o)  Is  anti  si\  tnrti  lianl  ships 
v\  ei  e  sinik  a  nd  vtu  <  m  rtii  damaged:  at  mist  it  io)pet|oes 
at  i  olll  i  led  al  U-;>s|  hd  the  damaged  <  st  oil  and  I  wo  ol 
i  he  mint  tstoiis.  In  ioiukim  a  (himan  Wat  Oitlei 
i ;  la  im et I  I  If  esc  m  is  Mink,  '»  damegt  tj,  anil  (I  met  chain 

ships  sunk ,  whit  li  indifahs  a.,  high  t  spt  iidiiiiir  ol 
torpedoes-  \t  \  ei  i  In  h  ss.  tin  i  m  pedo  pi  mi  d  iisell  a 
lineal  which;  mighl  have  h{  t  It  n  1 1  it  1 1 .  a.ioi  t  eflett.vt 
li.nl  ihc  em  |)iy  heell  aide  lo  gel  more  limn  luo  l 
hoars  in  tonl.nl  nidi  tin  tonvov  at  one  lime.  N-.  it 
was.  llu-  potent  i. lilt  ies  O' I  Ijhe  lolpttlo  tanstd  lilt;.. 
Miles  (MU  Hielv  gi  ave  <  oln  el  II. 

On  Scptccnhri  1f;«  1 1  ii.-  \ dp  1 1 !  all  v  Issued  a  t  t.jinpn 
h(  nsivi  i p| net  iaiimt  t»l  iln-jnse  n|  the  (it  i  malkat  oils 
t  ft  i  of  pedo.  lliis  i  in  hided’a  leview  ol  iln-  iivlmma 
lion  a  v  a  i  Jvdde  on  the  loijH^flo,  a  j-;i  elini  in,i  I  v  analysis 
•  »f  the  in  si  a 1 1 at  k\(  I  and  'J,  fjavs  ojtij.  i.k  lit  al  (  oiuilt  i 
ii.te.iMii  fs,  and  a  slat  us  )<pr,ii  i  on  l'( )  \  I  1^..  w  hich  w  as 
IO  he  issued  although  il  was  liaid  lo  stie.nu.  shtjit  ill 
elit  Im  .one.  ham  pci  ing  1  <  i  ni.uietiv  ei  s.  am!  di-flu  till  lo 
pi  nd uf  e. 

In  iln-  (  nited  Si ai t  s  .nn  extensive  sliuh  ol  die 
UMinininiMMiif  [>rohl(  in  vvas  lx  gnu.  ()n  the  one 
hand  reports  on  f  he  Smjiedo  s  t  hai  at  i<  i  ist it  s  wen 

*  Mini-  v\.i» d;i[»s  \vt  n  si r it L  in  l  ho.iK  hri\>  (vn  Janu 

.hi  I'llJ  iml  \  ii"  u  si  1 0  i  5  in  <  oiil  |  ,i  a  In  I  "*  1 1  1 1  irj  •  l>  .1 1 1 1  H|ii|j,. 
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collet  led  ,;ikI  evaluated:  on  du*  ndur,  dr\ elopnuni 
nl  a  vaiieiv  ol  noisemakin»;  £aiii>ris  was  undeiiakrii. 
One  o|  ihv  eai  K  decisions  was  !*»  die  de¬ 

velopment  nl  impulsive  noise  mhiki'n  wiili  IhiiMs 
less  t  i'('t  1 1  it  'll  i  than  nhoiu  ‘JO  pci  second:  du-sc  in 
*  ? udi‘d  rapid  m;u  line,  Run  lire  mio  i  In-  wain  ami  llu 
i»iriKidr  noiMiiiakci  min  posed  nl  a  s<-i  ies  nl  explosive 
taps.  |i  vvas  Icll  dial  t lie  impetln  pmhahlv  would  not 
icspnnd  in  sue  |i  a  mini ce.  win  leas  il  ii  did.  a  it  lal  ivelv 
Meads  Miiiicr  Midi  as  a  ship  would  hr  aide  In  owl 
I  iilr  il  r\rn  when  piov  idini*  a.  imu  It  weak  r  mis  |m 
«iteiu!»r)  signal.  Sue  h  (list  t  iminai ion  would  ntiin 
with  du  lime  eons!. mis  w  Ii  it  It  weir  iimsi  n.iiuial  Ini 
a  lui  prdn’s  amplilv  ini;  and  comiol  tile  nils.  I  Ins 
would  l»o|  mils  hr  a  <jo<Ml  a  ill  it  mm  lei  liieaslli  e  dev  ii  e 
hill  would  also  mild  nmir  iinpnji.inii  disc  i  im  mate 
ai^ainsi  die  ii  le^id.U  peaks  w  hie  h  ate  aiiion<*  i  lie  most 
Ulldesii  ,d)le  leal  111  es  n|  a  lot  peelers  hat  k“l  oiiiltl  noise. 

Il  snoii  he<  ante  appal 4*in.  jmw-evei,  ilini  a  leliahle 
/-valuation  oi  die  pel  InniMin  e  nl  ;im\  pjlluulai 
t  oUHK'l  lileasute  leijuiled  a  detailed  iindri  si ;  1 1  >  c  1  i  m  1* 
nl  ju*.v  liov.  I  he  loi  prtlo  hn;,i  i  iuin  <!.  llu  iwndilhi 
rill  assumptions  whith  haw-  hern  nunliniutl  (oi 
\\aid  lisleiiiiH*  ‘  and  all  uihiind  lisi<  nim;  had  m 
« piilr-  di  !l<  i  enl  \  M  an  .m^uun  ills.  \  tan  Ini  ana  I  v  si  s 
o!  !  hr  p)  nhahh  heh.tv:.!  »»l  at'lia,.  p.ip«dois 

I  lie)  i  |n|  i  .  limit  1  hike  li  lls  s.  dll  III  h  al  ii  1 1  \  air-  mil 
I i iii-il  in  lie.  InlloW  m  *  s< «  I  ions 

II  '  1  ll>l|>C(l<l  fl.l|('<IOM  All.lhsis 

1  Im  pi  nnai  v  aim  nl  i  aml\  nl  ini]«  iln  In  h.ivini  is 
.  n  >  i;h  i<  i  mim  llu  path  wlmli  i)m  tntpwlo  [ollows 
; l.s  1 1  a  jt  r  loi  \  illicit  i  ih«  i  olid i u« <i i v t  ha l  m’'  ol  urn  i 

i  si  J  1 1|  radii  lo  do  1 1 1  |s  a  IUI  .III-  Imul  hr  tlr.  v  eh  i|  ied 

|nl  l.ipidh  piedlilin*'  a  Impi-dn's  hilia\mr  in- du 
pi  t  st  im  i.  ol  a  p(il  i  it  u t.u  \  M  st  sit.. i ii  and  mid'  |  a  p.u 
lit  nl.it  si  l  ,o|  assn  m  pi  Unis  as  In  an  :m  pleasant  i  v  I  a  rift 
nmnhei  ol  lorpedo  c  hai  >n  l/i  isl  u  >.  as  w  ill  he  appai, 
enl  hofii  die  Jnllow  in*;  (list  msinii  ( )J  oh*  intis  im 
pnllailic1  is  die  HU  pr  do  speed.  1 1  iJcrli  mimes  die  ship 
speed  net  evsiti  *.  1“  ''illiiili  du  Impede*.  IJieioipetlo 
1 1  a  jet  mi  v  (an  lie-  ex  pi  csm  d  as  a  hi  tit  l  ion  ol  t  he  t  a  j  in 
of  die  ship's  Spt  t  (I  In  I  hat  ni  die  lol  pc  chi. 

I  'uric  t  du  inllm  nu  o(  a  single  noise-  ''mm  die 
lol  pedo  (  an  he  assume  d  ilm  In  si  approx imai  ion  •  m 
.Uteinpl  alwav.  In  sleei  lotvai  ds  l he  sum  <  t  .  I  Ids  it 
Mills  in  a  path  when  die  fardel  isMaiiunaix. 

r.£..  an  expendable  NM.  Willi  di*  t;ui*et  at  mnsianl 
spec  tl  on  a  siiai“ht  ionise  die  jhiimui  rmve  is  a 


I  i>a  hi  I.  I  \  pit  j  I  li.'tni'..  \  hi  M:ic  *.|r.itt'.  Ill  in 
i  rial  I  \  1  N|i.ir  r. 


1 1  at  ii  i\.  I-  \c  (  pi  Im  an  ad  just  men  I  in  m  ale  am  1 1  ai 
li  is  is  like 'dial  shown  in  Idtpue  I .  \V  nil  an  (v.V)  t  n 
oi  diiiaie  svsiem  (emend  nil  1 1  u-  I  aim -I  and  I  lie  l  at  j»rl 
head i ir;  in  llu  positive  \  din  t  (ion.  die  lelalive  Ha 
jc  (  lol  \  is  »i\eii  1 1\  t  tpiaiinii  (  I ). 


x  2 

[(';)  (';■ 

)‘l 
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simpl  v . 

/ 

f,  \  M  ' 

/  J 

\  Man 

id  •'  •  y 

<nl  II 

f:  1  a  1  in  n| 

l.il^rl  speed 

In  In} pedo speed. 

di  a  am  «  .  ■  I  w  h  u  h  tie 
a  1  um  m  nl  dir  laij'rl . 

i-  lol  j 

ir-iln  (ll  s|  passes 

"  Ini-pechi 

iS  1  n  ;i  1  ill"  ii 

l.uiw  in  i In'  i;ii!><  i. 

1 1 1  sl.ii  i_nii.ii |  v  t  ihiii { ji|.i ii  s  w  Imsr  i ».i  i^iu  is  I  lit  I ai  i»el\ 
p«  is  j  I  i  ■  1 1  f  .0  I  hi  I  lull-  1 1|(’  ini  pec  In  is  Jnsl  ahe.iiu  nl  il 
•  ii  <  h  si ,  u  ii  i  iln  lal  :;i  I  ■»  positinns  ai.  e  ip’vrii  h\ 

«  ipi.il  inn  '  llu  ll.ii  U  I  \ .  hv  i  ( 1 1 ( J ( ln| i 


\\  .h<  N  rhaliiu*  wilji  l.neo!  vjmnv  inf;  I  needier.  siu’li  as 
a  *)h».p  ai'il  lowed  imis(  mant  is,  ii  is  simph'srio  (haw 
I » |.  t  lui  i(  s  h  la  1 1 1  (  m  i  lii-i 'iiujv  iiit;  s\  siem.  |-n|  rath 


I  l»- 1  i't  f"i|ist‘  «>l  I  ( >•  |m  (l< »  Vt  Ini  i  liuliii”.  r\i  liMil 
iMitirliuali  s  -I'.i  Krl.tlitr  .<*'>i<lin  tlr-  -'-|iecl  i.iliu  /; 

.  i  . :  sli  i  j  t  i in  ii  it  in  ,  r. 
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carNTiiu.Mi.ASiiui^  to  rni:  <;f.h\i,\n  w;oi  stk;  ruuiT.m) 


I  lie  rudder  is  controlled  h\  die  rutin  of  1 1  it*  soil- 
ages  in  iworlci  h  ie  i  haunch.  !i  a  Meade  sound  souk  c 
is  moved  abom  the  torpedo  ai  a  constant  range.  the 
voltage  in  the  |>oil  dutmid  is  nun  h  greau-r  wlirn  die 
source  is  wiiirin  some  range  ol  hearings  on  the  lor- 
I  w*(  Io'.s  poll  side  ilian  when  am  where  on  ilu*  star 
hoard  side.  SimilaiJv.  the  star ‘hoard  channel  is  niosi 
sen.sii  i\e  to  signals  limn  die  siarhoard  side. 

In  determining  a  liaicdorw  ii  is  ntcess.iiv  lo  (itu! 
oul  for  ea<  h  torpedo  position  just  whai  aie  (he  lela- 
tive  vnhages  in  c;k  h  <  hannel  due  loeac  ii  noise  source. 
To  fat  dilate  this  another  set  of  templates  ai e  drawn, 
one  lor  eai  h  assumed  seiisiii\ii\  palictu.  l.a<  h  lent* 
plate  is  a  transparent  geographic  plot  to  hr  ccnici rd 
on  the  torpedo  position  with  ilu.  toiprdo  axis 
marked  W\  one  <  m  ve  it  shows  ilu  lot  us  ol  all  points 
al  which  a  siaiidaid  (Uthiiiaiv)  noise  soime  would 
deale  a  gi\en  voltage  in  the  poll  ih.niiiel  and.  I>\ 
another,  the  same  lot  siaihoaid  channel.  l\na!lcl 
lohes  ate  diawn  <oi  tespoiiding  to  somces  each  an 
integer  inimlu  i  of  dec  ihels  It »udei  01  solin  than  lhe 
standard.  V  t\ pi?  ai  scmii  i\  ii  \  paiiemol  ilii*.  soil  i. 
shown  in  Figuie  .*». 

\  sjandaid  noise  Mitmr  ai  poim  A  in  liguie 
would  give*  a  signal  of  I  li  <  1 1  >  in  tin  pmi  <  li.miw  I  and 

‘  i!  «!!.»  in  1  lie  Si  a  I  ho.n  <1  1 1.  at  the  same  lime,  a  sol  IK  I 
I  M  dli  loii  del'  dial  i  I  lie  si  and. u  d  dot  example)  is  pies 
ciii  ai  poim  I.  it  wi.mld  give  *.i  signal  ol  S  d I •  in  tin 
poll  (hannel.  and  1 1 1 »  in  lhe  st.ubo.nd.  In  ojdri 
to  obtain  du  total  voltage  in  r,i<  h  <  haihul  with  hoih 
p)c  sent,  tin  Mpi.jic*  loot  ol  il  <  sum  ol  i  lie-tijii.n t  s  o| 
lhe  individual  < «mti  ibminijs  h  lakeii.  I  Im am  Jit »d 
dr«)i i Id  he  siiflirienih  accuian  unless  a  sdtihc  K’.v’riv 
i  ideFinit li; lif.  e.*e ■,  a  |;i  math  <  '<  plod-jug  *  nil'  nn  limes 

,1  se<  Olid-  •  !  ■ 

..  Ill  ( OMstl.Uc.l  ing  rJfesC*  If  mplales  il  is  ilsslli.  .fd  I  hat 
[he  sound  jui  '.Nin'f  i*.  him  I'm  h  propoi  i  ion.il  I'i’i  tin 
i  aiigt  lioin  die  sumim  (b  <U »  »|.e's  pei  ilisiamc 
doubled}.  Pjijs  is  (»nlv  all  a  V  r|  age  A  .1 1  lie  ol  ll  U  *  .  1 1 1  c  I  ( 
ll.iUoil  Iff  -lid  ill  C'Xpel  ilileMl.s,  ,l*lll I  In 1  eliec  Is  o|  <  oil 
sideiabli,'  Urn  I  uat  ions  cm  iisfjalh  be  shown  to  be 
iiegl igihjt  .  I  lie  canges  imofve.d  al  ciiiiral  limes  ,m 
ton  viiatl  to  allow  the  lim  ai  absoipf ion  ol  sound  in 
open  v/atcr  lo  become  impoi  lam.  However.  dine  is 
evidence  ol  c  on* i del  able  iilh  imalitn:  in  the  ship  s 
wake,  a  bom  'J.  db  pci  loot  » i  L'  I  k<  d* 

(be  simplest,  Mitnitiv  iiv  pallet  n  i-  a  ciiMikit  one. 

>>  in  ■  I  it-  injri.it  rraji«  ion  studies,  .m  .lUniiiiit  i;>ji  ol  (i  I  dt>  j»«  r 
tool  u .is  l.d.rn  .»s  .j  o»Msciv,iii'«  .trAiimjiikm  r\ru  .ii  limci 
!m  l|fU  IM  IC  S. 


III. i  in  1.  Si  in  |  >1  i  Met  t  srnsif  ivil\  |«.il  In  us.  (Ai  C  imil.ii 
I'.Uieiu.  f  IV }  Modified  (iind.u  [Mliein. 


I  lie  it  in  (dale  c  ui  vc  s  lot  eat  h  i  liannei  ate  seiuic  iirh  s 
on  cite  1 1  side  ol  du  lot  pec  in  axis,  as  shown  in  Fig  m  c 
I  Dead  /ones  ol  no  dillc-i  mu  iai  ;.nt:  assumed  to  be 
present,  bin  uegligiblv  small,  ahead  and  asiet  n  ol  die 
I « »i  pec  It I  o  bleak  a  was  bom  all  aioumi  listening  ii. 
max  be  assumed  1 1  la  I  ibele  is  a  wide  angle  ol  /ern  sen 
•si  I  i  x  i  <  x  nxlei  n,  having  the  lobes  as  shown  in  I’iume 
Hi. 

V  i mile  I ealistic  pic  hut  ma\  be  obtained  hv  using 
aiiodiei  mal  hemal  ic  id  appi  os  iiniit  ioh  whit  h  leiog 
ni/es  dial  i  lie  I  espouse  ol  am  Ir.ch  oplioue  svsiem  will 
.( Iiangc  siritMdhlv  vyitli  a  ugh-,  II  H  is  die  amde  oil  lhe 
loijjeiha's  bow,  lhe  coniol'lls  ol  ei|il,tl  seiisili\il\  cut 
lie  t  Vpl  esset  |  bv  iii>  (  \.f/|.  I  lie  seiiilix  il  v  will  |lic*n 
be  a  maximum  ahead  u  xt'«  pi  ho  .»  negligible  dead 
•lii!' ft  >  aiid.  vvijl  'dec  lease  gi  i  <  1 1 1 . 1 1 1  \  as //.  im  t  eases,  be 
<  omiiig  /el  o  Jo)  all  ^'s  g)  edit  j  than;.*  [!\.  .  V  uuiiiber 
td  .stifli  pat  t«  l  ns  >ue  diou  n  in  figiMeu,  I*  t  >».,  \  1 

* h»‘r.{f'  .iv.  some  I isti.  n il ig  ,i(  al.l  angh  s  evi  epl  clead 
a'leiU,  win  k  as  ho  I  dieie  is  iio  -i espouse  anv 

win  I  e.abal  I  the  br/.ain. 

III!  an  ail  h*aJ  bn  jiedo  eai  h  channel  max.  have  jls 
own  set  u|  one  oi  mme  hull  npliones  duelled  loW'Slid 
one  Kidc*.  \ht  iuati\elv  lhe  t  hannel-  niav  be  (tin 

•  t  ins  | oi i •  (  in  is  «  sM’iiii.dlx  tli. a.  .(ssiiimd  in  c(ir  e.idifsi 
t  luird  suit-,  similes  iim  iiliouc  d  m  So  him  I f.  i)>js  dujOi  i, 


( d  ).V i’  i  Di'.X  I  I. VI. 


i>lvi;loi,.\h:nt  of  towko  noiskm akfrs 


Hi**  ted  ilimiii’h  phasing  <  m  nils  lo  the  same.  or  pas- 
iiallv  i In*  same,  ^ronpol  hxdrophones ai  I  lac  ing  for¬ 
ward.  Kithet  s\Mi'iu  would  lead  In  die  s  um*  kind  of 
pailern.  Il  is  reasonable  lo  i  \pi  ct  ih.n  if  .m  eflnrt  is 
made1  towards  forward-listening.  die  maximum  lobe 
Ini  t  ;u  fi  channel  would  prohablx  he  rati  i  broad 
and  (entered  l>ciween  2H  and  hi)  decree"-  oil  die  how. 
Il  is  el  ill  if  nil  lo  senile  a  le.u  i  espouse  nl  eilhei  than 
m*|  less  than  about  ‘JO  dh  lieloiv  the  maximum.  no 
mailer  wliai  die  dim  lion  nl  die  noise.  I  lu  i'c  can  he 
a  rat  h(  i  farm*  angle  as  let  n  wliei  e  a  loud  \oin  t  e  wnu  Id 
hi  in”  about  appi  oximaiefx  t  lie  same  \  oil  age  in  eat  h 
(haiinei.  \<  on dinglx  a  leinplaie  ( an  he  drawn  Ini  a 
"pi  ai  1  it  a\"  panel  ii  ha v  iug  a  ma \  inium  sensii  ivil v  I  ’» 
dcgKcs  oil  die  how  and  stusitiwix  .‘ill  dh  lowei  in 
hodi t  liainiel.s  I  In  oughoul  a  I  HO  degi  ee  ai  <  a  sit  i  u.J 

I  hi.>  oiuein  is.  in  lati.  shown  in  Hguir  .5.  Ilie 
panel n  could  he  madesliaipei  and  die  Ion  all  dis 

<  i  iiiiinai ion.  giealci  il  ilu  lit  ipa  in  v  ol  maximum 
selistlixilx  weie  o\el  10  kt .  I  1 1 is.  Iiouevei.  would 
ledut  e  die  homing  lange  as  a  irsuh  ol  die  absoj  pi ion 
of  sound  in  open  Uiili  i.  i\  hit  Ii  br<  units  appi  et  iable 
al  sut  h  h  t  tpiclit  its. 

I  he  l  uddti  posit  im  i  should  i  Irprnd  m.i  |  he  (hi  ilie  I 

<  I  ill  i  i  ei  1 1  ial  Im  t  ween  die  I  wo  <  lull  n<  k  ih.i  f  is.  •  »n  dn- 
i  a  l  io  n|  i  ht 'ii  \  oil  .ij^rs.  \  1 1  \  toiiiiol  involving  ilie  ah 
M»|uie  iu,u*ii  ii  i  it  ft  s  ol  die  \  ol  niiMs  <  oiild  noi  li.nnlti 
the  wi'h  h  d.tlbniil  Mgii.il  siieiudjjs  to  he  c\p«:i  lid. 
f'x  iIm  list  of.  di.i  h  mpl,. «u  s  and  a  c. tn  \.e  expressing  in 
i  let  ihc  {  111111-.  dh-  Mjll.ni'.  loot  ol  'die  mini  « d  I  In 
Mpl. 1 1  <  s  I  el.  1 1  ion  si  lip.  tin  signals  in  die  Mm  <  Ii.iiiik  Is 
i.in  hr  loiind  id  tltvi  iht  Is  al'iow  |h<  satin  stand. ml: 
diest  v  a  hit  S  i  a  1 1  linll  bt.'-sil  hi  I  .t<  Il  i  {  i  *  i  !*  i  \  e  dn*  di  I 

It  n  mi  ial. 

I  h>  lnoSI  pl.uisdih  simple  assoiupl  ion  as  to  i  In 
wax  in  xx  1 1  it  1 1  i  iidtlei  posi  ion  dept  inis  on  i  hr  dilh  i  m 
i  ial  is  a  "IJ  i  j>  Hop"  i.v  pi .  ol  i  null  o|  i n  x\  Ii i<  h  t  J k  i  udd<  i 
is  I  hi  t  v\\  1 1  liaid  n\<  r  uht  n<  xi  i  one  i  hamiel  h.is  a 
given  rsn  ss  (sax.  .»  dl>  oi  liloltd  and.  Slavs  ox  el  Mill  i I 
|jie  ol  In  a  eli.iinie!  Ii.m  the  ntpmt  <1  i  vi  t  ss.  I  Ills  Hip 
flop  i  mid  ol  appeal  s  in  t’essai  x  bn  a  fnrvvai  il  l.iMcning 
expe  nl’  im  pedo  on  dn  basis  ol  the  billowing 
aiguiuc  nl. 

Mo>i  lot  pi  does  ippNiat  iiing  limn  I m  wi ml  angles 
\\.i||  miss  a  ship  / w iff*  in*  noisriiiakei *.J  on  dn  In  a 
pass  ht  i  ause  diev  t  .mi tot  nil  li  sliai  p|v  enough  in  slax 
on  a  it  at  li  in  and  possihlx  hetaiise  ills'  piiwipal  I ;i i 

t  \  |»,U(rin  ol  litis  si  it  l  u.i-  ilrodril  upmi  in  llir  I.pII  nl  I'll/ 
mi  lljr  l i,i s|s  nl  I  tuii  i|  Sl.ilrs  t  \|iri  ii  Inc  in  ihr  t't-acn  «if  Imlm 
jilurii  ■-  ,i i if f  arodsiii  hn |« ’tltirs. 


U»7 

ge‘  max  atSuaii;  he  collapsing  hubbies  in  ihr  wake 
.somewhni  astern  ol  die  propellers-  Having  passed  die 
ship’-,  slem.  many  of  I  hesc  torpedoes  will  have  die 
ship  in  I  he  set  lor  on  ihch  own  stern  where  they  can 
nef  no  difh'i eniial  or  even  yiiv  signal  oxer  hack- 
gioiuid.  II.  will)  no  dillert  uf.ial,  die  torpedo  siraiglit- 
tils  on  I  oi  leitims  io  ils  original  gyro  course,  il  will 
new.*!  !u-«r  dm  ship  again  «'iiid  he  lost  iLsftTII.  On  die 
other  hand,  with  flip  Hop /omrol  die  missile  will  eon 
limte  fill  ling  mini  ii  again  hears  die  target,  I  he 
same  woidtl  happen  ahoui  a  single  N.VI  lowed  astern. 
,\< lin it i <  <1 1\  die  loipcdo  would  slax  on  its  iratirix 
with  less  weave  if  on  loss  ol  d ifleiei 1 1  ia I  il  sliai^hl- 
eiU’d  out  m,  pit-lei ublx ,  )iad  **j»i adua led  (onim)," 
dial  is.  il  die  , minimi  ol  i  udder  depended  on  the 
tlilleieiu  ial  and  (hits  on  the  hearing  of  die  lari’el  off 
die  hove,  iloxvcxti,  even  willi  flip-flop  (mitrol  die 
xxeaxe  should  not  he  moie  iliaii  10-20  decrees,  and 
jmpi oxenii  in  in  this  would  not  roinpcnsaie  lor  die 
lailnie  ol  so  mail \  how  shots, 

i  In  finical  tiilh-renl  ial.  de«.i^iMfed  b\  1).  may 
leasoiiahlx  he  assumed  lo  he  a  dh;-  Wil  li  a  lower  value 
dine  \x  am  Id  he  loti  nmcJi  tlan^ei  ol  imdesiiahle  nnl- 
t lei  ai  Inal  ions.  I  In  s e  mialn  jesidl  Inmji  minor  lohes 
in  dm  ><  nsiiix  iix  pane)  n  asieni.  Imm  Hut  luaiimis  in 
die  hat' 'k^ioiuul  rioiv-,  or  limn  flm  I u-'iionv  in  ihe 
1 1  ansuiissjriii  of  die  ship's  sound,  Willi  ihese  limiia- 
lionv,  /)  should  he  as  small  as  possible,  heiause  die. 
laiiMi  }).  die  h  ss  llir  loipetlo’s  limiliiu*  ian^e.  As  i\ 
i  »•» -pet  It  *  .ippMi.it  lies  a  -li  i  ji  I  ion  i  a  dislanre  under  i»  \  i  o 
tmmol.  ha*  k'U-oimfl  sopnd  will  iniiiallx  pu  doni 
in. Ue.  < . i 1 1 •* i 1 1 « »  appi oMiii.ih  lx  die  same  voltaic  in 
tath  (hamiel.  II  die  heaiiny  l»>  die  ship  is  n.  ;ii  die 
;mi*le  ol  masiniimi  *>«  i is* t  i\  it  \  Im  oik  <  lianiu  I.  ihe 
xolia^t  in  i ha i  (  hamiel  u  ill  i i it  i  ease  as  die  ship  is  a p 
pioathrd  Ilu  loipedo  will  lum  l.otuiitls  die  ship 
w  lien  i  he  \  oil  ai;e  in  dial  <  ha  j  me  I  due  m  i  lie  ship  plus 
hai‘kj*i tiiintl  is  f)  dh  yrealt  r  ihan  dial  in  die  odui 
<  hamiel.  width  is  due  in  batk.ipmmd  plus  a  nej*li- 
rihle  t mu i  ihui ion  Imm  llir  ship.  II  a  rit  aiei  l>  i,s. 
letpiiierl.  I  lie  lol  pedo  ilinsl  appiO;n  II  «  loser  oil  »\M.» 
hi  I  me  the  slop  noise  can  oxeiiome  hat  kja  round. 

file  iiiiiMiiiiiin  lani'c  xvhiili  a  »iven  ship  flips 
die  nidi  lei  i  ha  n,ues  "lea  I  lx  with  the  heating  0  ol  die 
ship  oil  l  lie  ioi  pedo  s  how.  I  lu  i  auge  is  /eio  wid)  ihe 
-liip  e i i he i  dead  ahead  or  fptohahlx )  in  a  huge  set  lor 
astern,  dial  is,  w::h  0\  al  whiih  die  sotisilixiiv  pal 
lei  ns  hn  the  i  wo  <  ha  mu  Is  dilh  i  hv  less  than  l)  tlh.  \i 
other  ft\  ihe  i.'mge  depends  thiilly  upon  die  sensi- 
i  i\ it  x  pallet  ns.  J  di  anx  ciioiieoi  sensilixiix  paliem, 


coxmdj:'  I  i  \I. 
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ol  I),h  :i n< I  ol  ship  inu-uKtiv  over  h;u  koioimd.  ,i  so 
(allot!  s!ct'iiu»  pattern  tail  !«•  diiiwn  ploiiiuj*  die 
ruddei  uduaiitm  riin^  against  U.  Sm’i  iuhn  an 
uselul  c in K  wln  n  !io  ,\  M  is  ptcseni. 

]  hi*  ol  either  lolx  ol  a  slvoriuii  pattern 

i>  i\ os  i ho  inasimmn  i  anj;*-  at  whit  h  a  ship  ( .in  iliivi  I 
l hr  lot  |M  ilu.  !  lit,-  \ nine  ol  Hi i"  i  11040  (h  poiuis  on  the 
noist‘  (Jiilpni  ol  the  ship  and  mi  how  well  the  uupt 
do's  hat  L«ji ouikI  noisr  has  iioon  siippicssed.  Neil  hot 
o|  1 1 lev  t  pi  a  ill  I  u  s  1  a  lx  dett  1  mint  d  \ci  v  .it  c  1 1 1 .1 1  <* I V 
1‘aoii  lot  .1  j;i\cu  Itiipedo  and  a  spot  iln  <  lass  and 
speed  ol  Ship  (.hole  Would  ho  timurdi  v.iii.ilion  hi 
ship  oulpnl  ami  in  il  .ihMnivdoii  t  olid  it  iotis  lo  make 

I  lie  1  anor  1 1  tun  lain  w  i  1 1 1  i  1 1  .1  lat  loi  ol  ilmr,  1 1  won  Id 
nh\  ionsh  Ik  unwise  10  hast  a  t  oinitei uu  asuie  on  an 
urhiliatv  a<  Mi  llion  i.in^c.1 

Il  is  now  possible  io<  onsidei  in  n  il\  i In  n  a  jet.  lot  irs 
Im  u  hit  It  the  loi  pedo  u.is  primal  i  I  v  drsinind. 
naineh  1  In  iso  anaiu.xl  an  unsuspt  c  ini"  ship.  \ssiimi,pn 
lile  torpedo  to  Ik  a  modi  in  ai  ion  ol  the  (.11111,111  eh  t 

I I  if  (  » /  r  .  ihe  In  niv  i  aiioe 'u  .e>  pi  o|*;iid  »  |i;;'  a'a'i 

vd.  Ranges  in  lUt «  n  MHiu  ami  milu  \d  would  h<  the 

I I  lost  Irkclv.  I  In  iuil  :a  I  “\  1  o  1 1  mi  .si  Won  hi  he  a  colli 
sioi'l  (Old  SO  Ini  till'  slop,  pnssjlih  ill!  I  he  ship's  sit.  1*1, 

III  o)  di  I  Iri  n<  i  1  lii  In  -.1  1  Imiih  ol  (  1  >111  nit*  wii  1 101  1 1011 1 
ill!*  1  aii‘*e.  \\  Jn  n  1  lie  loi  p<  do  n  n  In  s  a  pm  1 1 1  w hi  M 

I  he  si.Mjr’s  Hoist  (.lit  <|\»H<||||(  I  *«  I «  k^l  »»l  !|  id  Uiiisi  r .  I  v 
shown  li\  die  -hips  >hill  li.nliiirj.  iln  apjilopiiah 
( on  1  on  1  on  tin  sii  01  iii*.;  pain  in  1 1  11  n  ltd  op  I  he  l.o» 
pi  dti.nlln  liiissdt  I'm  ns  lowai  d  lie  '•hip.  Il'  lhiih.'ip 
pens  al  s|  1*  M  1  t  inundi  ijiim.  1 1: «  loi  pi  (hi  ill  i  i  *_»  1 1 1  ho 
llif  ship  iiOhlM  imillN1.;  I  a  I  1  IIMUVdl  in  Ik  fid  .11  tin 
>. !  (  mi.  as  shown  I  a  n.i|(<n,|\  /.  |  i-mim  n.  Yluma- 

uwjw  .'isMiiiiimv  llip  Hop  1  miiiol.  .1 1 14  jofpvdo  w  lii 
1 111 11  iirriil  tin  suVws  li,m  passed  ilr.i on-'li  .1  he  d.iad 
amde  ol  sm  di  d l II t  1*1  til  i.i I  oh  in-  how  .ni.d  h.tw 
leaelud  Iln  oppp.ilr  loin  <i|  die  sieel  im.;  pam  in 
\\}><  K  tile  ol  hi  r  i  li.itirtel  lias  a  If  dh  exit  ss.  1  aiisiu:; 
<lh  Middii  10  llip.  Willi, 1  h/t  wai  d  lislt  Diiti*,  pall,  in 
and  nut  hanii  aliimi;  <  oiisianis  .;l  ihe.ndei  oj  I  In 

'•  I  I  XV  1'  Ml  III  I  hi  »lr*  I  (I  I  ill  I  (|l<  I .  .IS  ,1  -.III*.  I  1  |  t.MU  r  1 1  I.I  |  I  I)  I  - 
( >  II  <  jl  III «  1 1  III  Mil  I  Im  I*  m|*/||i>  oil  ;;\  I«it'  liilF.  j  !»«  *il  .ill  i  1 1 1  lit 
lll.lt  III**  ill  <1  l<H  llli  I.lt«.'|  s|(|IMI’4  I  'MW  I  Ill's  t.’.ili-  Mtllll  «.i<  it  ‘ 
Hi  c  vutn’r  1 1<  mi  in-*  1  ,i  1  !•!*■  m»  in  i|.  1  in  |  >  1  r  \  1: 1 1  ./  >11 1  if  >«  »t  :m  \  ju  ,ik  in 
't|l |  •  |M  .}««•  1 1  Mill  I.I L  dill  I  III  (i  11  J II  .  III  III!  1; )  I  i.jji  J ‘I 

■  in  li  n*'.  al  'inli  .1  1  it<  1  il  i.i1  1  Ik*  111  >i  >11.1 1  si  .if  >  in  11  m-  1  <  nfl.  I  Ik  .1 

II'  III. Mil  11(1*0  til.  lilt  •  »;.!*-:*  w.l*.  iu«l  III  i  \|>;  S|||((  Its 

I'iN  me  u .is  1 1  >iiii- 1  iii  1 11*  1 1  .im\  1I1  mi*  .hi  ,iii!  in  ( miii tie  1 1iMMs.n1 1 
l\  11  n>tis  O'liiii.m  s  ui'ii  n. nil  i.i  (lit*  .11  iii.ii n in  1 .1 1 1* •  <  oi  iht* 

l  a  1 11 1.1 11  rni  j  it  ilr  1.  1.1 1 1*’ in:1.  I.i«»iii  I  (Hi  i<>  |  nun  mI  I«m  j  i\jni  .1  ship 
•  •ii^ei  !  lie  1  1 1 *s| s  mik'.|i  'i  iln  Iri.'.lii  1  Irvines  !>v  li.m  lurn  1 1 1  < 
l*i*Hei 


C.I  KMAN  ACOrsMC  IOUIM1H) 


I  ll-'V.I  '*  ll.l|(  I  ll»l  Ms  J(  l.llHI  Ml  slli|» 


s<  ( .  'In- ('j)nist  »o\eisJ|d  should  ot<  tu  with  the  1  a  1  o t •  t 

less  I  li.ndjo  ( lejh  «  es  I  111  i  jiehow  1 » \  I  rpel  il  ioi  1  ol  1 1 1  is 

plot  t  din'll:  the  j  oi*  jkh'|o  l.dlltiwsa  Mathis  inwards  tin- 
s<  row.s  \\-i!  li  a  small  iiH'e.  I  1  a  jet  M 11  its  ulai  kod  (>  in 
1'  i"mr  ( tpii  1  i  vamplt  jH.(  »j>: si ic  h  i  1.  at  1 1  it  es. 

II  llie  Jl  ,u  li  IS  jpj'Hpac  lies  liOni> deiitl  alu*atl.  the 
Ini  pedo  riia\  hit  1  lie| s|rl?j.«  Ix  loie  (oininn  aheam  iho 
s<  iew  s.  I  j  dn  li  .n  1 11  \  is  *  i  mi  {jd.su  Ifn  lend  \  lar  astei  11 . 
llie  <01  |>h -lii »  w  ill  lollow  ii  all  die  w;i\  in.  making  a  hit 
Oil  the  ship's  si  (-)  it.  Ill  die  ill  I  (I'll  1  led  vale  <  ases.  im  liltl- 
inn  most  siiou  liied;  hom  loiwaid  ol  ’he  iieam,  die 
h.n  pel  Jo  is  r.oi  aide  ID  keep  lieiided  loi  die  S(  n.wvs  he- 
'  aust  the  Midi  us  ol  t  msaluie  Ol  the  Hat  li  is  hrt  nines 
less  than  die  lot  pcdo\  miniinliin  Mn  nin«<  1  ad  ins.  r£n 
l  lie  »*\. \  j  (  001  (1  inales  oi  !  ii»ure  !  :  !a!n. e  to  ih:/  stun  ce 
dn-  loti  ol  sm  h  points  ale  1  wo  t  itrlcs  la  uncut  {<>  the 


(-OM-mi-.N  I  I  \I, 


IH.Vi  I.opmi  n  t  or 

\-;;\is  ill  ihr  ni  igi-i  jihI  n|  larhus  1  ..A  J\ .  u  line  U  is 
lilt-  m t  mill;  l.uJilis  i>!  i 1 1 « ■  Inlpedn.)  {  hr  loiprdn  is 
I  *  >1 t t  u  it*  m»m’  giu.-md  asiei  n.  usu;ii!\  missing  die  ship 
Uli  !  hr  hi  si  pass.  Y \rn  diongll  I  ill*  ship  Ilia \  now  hr  ill 
I  hr  dead  /one  astern  i  »l  lilt  lol  j  >ft  l<  >,  I  hr  ill  j  eilnp  mil 
im!  will  (;iuM  the  missile  hi  toiiimiif  (inline  Ini 
W;im!.  It  in:i\  hit  Jie  ship's  side  lirhii r  il  has  tilt  led 
lai  enough  i»»  In-  lu.ii led  ill  llir  si  1  r\Vs.  .ts  in  H  ajr*  |n|  i 
('.  Figllle  h  Oillriwisr  i(  will  make  .hum  he)  pass  al 
Ilu  m  lews.  UMialh  nil  ;;  n  il.1  II. n  li  i\  li  adiflg  In  ;i  s| rl  tl 
hi  I .  .IS  ill  1 1  .1  jet  lo|  S  J  >.  In  ill  I  l  .tvs  .1  h  It  111  i  in  S  1 1||  .11 
inusi  f  hr  I  hi)  tl  Kiss,  as  in  1 1  .t  j<<  u»n  /  .  \  1 1  \  n  j  jn  ini  v 
mn.  like  those  ui  ligUll  li.  In  ill  .1  \V  11  l  *.  lil  l  i  *i  t  •  In  I  ill- 
ship  h\  Il,i5  ill:;  Imm  the  np]  »i  opium  li.iiliis  mid 
(  M  Inid  l(  ni|)l. il<  s. 

1  *  I  lic(ircii(  ;il  I  ra  jo«  lories  ;m<l 

Noiscmakfis 

\l  in  In  i  nlisidi  |  <  i.l  .lie  1 1  it  1 1  .i  jri  I  ni  n  s  whlili 
«ll.‘Sr  wile)]  !  ■.iiM.fi  l  !!  .*!*•■!  ! ! |  !  dh  jmukl  di.iii  Slit 
ship  is  luwrd  i  Hid  i  I  |  In  w.ikt-  .  1. 1 M » 1 1 1  I'l'U  \d  .isU,ili 

I  hi  Siiliiii.il  nil  \  III  III-;  priM  <  dill  I  would  lii  ilu ■  simc 
.Is  Ini  I  hr  ship  .dnlie.  hill  ill'  l"l  p«  dn  Would  :'i  I  nil  .1 

I I  ..(i  I  M \  low  a»vls  1 1 k  ! n  •  (si  i h.i!  i  i  ii  i  . 1 1 i;m  ••  nl  1 1 1 lit  m 
UJOl »  .  d  l  is  I  db  Ml  limit'  I  III  IS  III  \  I  nl  |  m  ( In  III 
Wn|  k  III*;  •  U  i  !i  I  Is  ill.l  U  II  III  In  I  !)•  Wslt  m  j  lie  -.f  1 1  p\ 
sound  (.mil'll  mHiiriMi  iIm  inij.,d»»  ■  mi  pi  wiiliin 

•  ll-niH  *1 1  >  d  n|  |  | M  •m  I  i  >1  ■>  .■*-  I'M!  .' I  III  .  \  M  Is  Till  U.> 

ln|  1 1 1  I  M  .  1 1  ‘1 1 1 1 IIm.  ifh  p. ilhs  I"  ill  <  \  \|  ,11 
Mill  dm  I"  lllnvi  l>  •  •  I  i  j  f  ■  I  .  .  II-..  I  I 

A  ’III"  I  1 1  l(  '  II  t  II  I  .  '  '  1 1 » |  I  I  j.r-  I  .  |  ■  lo  |  -  dl  ,1  W  II  I  III" 

ilu  -.lijp-  w  Iii'Ii  s  i «  i  i  lii-*  l  <  »u  .ii  1 1  -  l  In  \\|  Siiih  f  1 1  m 
n  si:  It  l>  .mi  1 1  .u  1 1  it  •  v;\  hn  I*  li.ipp'  u  l"!;n  ilnnirji  ilu 

•  Ii  i  p  1st  ->(  hi  i  s  ,ii  i  lYi  1 1<  j  ii  nd<  i  H  "I  i  I  n  \  W  si  i  *  j  i  <*|  h 
"i  iInIiik  i'  .(mi  hi  J  • »  haw  , i  .*"<  >d  i  1 1 .i in  *  "I  i n. i k  nr.: 
mi.  Ii  i  .  lilt  lln  In  in-'  sM  I  >ti  i,i  i  I :  i*  imm  In  dm  ills 

.1  III  .ill  nl  liii  slop,  in  li  1 1  inn  I  |i  ill  .ihnlll.  •  d '  !  *  I «  i  s  oil 
I  111  !  ><  »W‘.  I  'HIM  I  si  1 1  .  !  ||f  ••  1 1  lp..l  I  lh(  ||l.(<  f  (  >,|ll  1 1  ni  1 1 

I  In  in  I •*  I  n  '  ’  i  In  ,i» lin  .*  i hi  -  i  ;  h  ..  i  i  In  su  hln.i  i  nn 
II  lilt  \  M  I'  Inn  Hi  ,ik  "I  Inn  |.i|  ,Ni  |  •  I .  .1  |i  ||  V.  .1 1  d 
Inn  inn:;  I  m  | .«  dn  hud  I)  •  »|  i ;  .d  mill  I  U  gd  <  It  1 1  «  s  oil 
llh  ships  I  i  iu  iri.r.  1  n.  i  kt  ,i  it  i  in  i ,  1 1  i  i  ini  I  In-  ni  iih 
W  III  II  1 1|.  !  1 ,11  1 1  is  I  niiw  S  (  h  >*.(  I  in  MIL; h  in  I  hi  ship  t  li.it 
fill  I  Ml  pi  dn  is  I..  •«•(!•  •  »!  |  f  t|  till  tl.l(Jji\ 

.ii  l  n.s  I  n  liiml  lh/  ship  •  \|  i  li*  md  1  lit  n  m  pi  it  Mit  i  In 
ship  In  ,i  si  rn  i  I  dl  k «  *  pin*;  fin  \  W  in  lln  d*  id  .  1 1 1  l;  I » 

*■<  ’  l<m  ;ii  .*  ,i  in  <  l  .mi  i  <  ■<  -  .ill  "  i  i'll «  i  1 1 1  <  i  ■  \  i.  ■- 1  i/ 1 1  %  j  ,i  i  1 1. 
:n-4  l|5..l  i.«  it  * r s'  .wimii  >i.iit  !«t  lii  iik*i*  Mi  .11  |n  « I . 

m.  .  ■  .-H  1!  1  '  . . * •  1 1 i  "..mu  I  \l< 


rowi.i)  noimm am.ks  im 

iislrm.  Ihili  I  in  ('inure  7  shows  a  uajrtini\  width 
mtnhi  lead  in  an  indiirti  hit.  I  ni  (hr  lolImviMt*  is 
phuuiiion  assume  dial  ilu-  torpedo  is  wrasinn  in 
wauls  (hr  \.\l  pasi  ilu  ship’s  poll  side.  While  iu»n 
im;  in  lln.  !(  !!  in  ihr  Wr.ur,  ilu-  led  i  haiiiiri 
ifuivr  a  signal  Imm  ihr  ship  width  is  within  l)  dh 
o!  dial  H  criwd  in  ilu*  light  (hanncl  Imm  (hr  N'.M. 
i  I  his  is  del  riiidned  hv  einplox  inj*  die  scnsitiv  iiv  pal 
lei  ii  template  as  disc  lilted  in  Set  don  II,  as  a 

i  rstill  nl  I  lie  j >1  os  iudr.  ol  I  hr  St  I  rW's.  1  his  ot  i  lii  s  rs  cn 
wlirushr  \  \ I  is  a l  lln  angle  ol  uia\ iiiiiim  s< - ] i s i if i \  il\ 
!oi  I  hr  light  fhaiiiit  I.  the  dillrirniial  l>  is  neve’)  oh 
l.o  i  in  I .  .md  l  lie  lo]  ped.i  tnuliimes  In  liulr  left  as 
show  u  in  J  igmr  7.  1  dn  nig  i  hr  i  tn  n  i  hr  \  M’s  b(  lin  ing 
nil  ihr  i oi  pe< lo\  how  iut  leases  sfcadilv  ihmugh 
angles  nl  drt  re.'ising  srnsi i  i\ i i \ .  Meanwhile  in  ihr 
daugemus  <asrs  iht  healings  lo  die  stiews  (on  die 
olhei  side?  im  lease  less  japidh  and  die  langc  in  th<- 
slop  det  leases,  aii  lending  in  keep  die  torpedo  lu¬ 
lling.  I  his  (<itid.ii ion  lontinues  i|  die  Inipedn  has 
space  ni  w  id(  ii  in  uu  n  Ml  I!  it  jell  I ! (ahonl  00  di  gu  (  \) 
helm e  \  i ossjiig  the  wake.  I'Aeiii nall\  ii  will  he  head 
ing  m  wards  die  Minis  will)  die  \  M  in  iis  dead  angle 
on  in  and  will  Iu  guided  in  in  a  Mem  im.  II  die 


1  l‘ -I  I’ I  .  I  '  I'l«  .1  I  11  .l|l  «  I'  n  It  -  ll  I.l  I  (\C  l«.  .(  Ig  |  I  -||;j»  \  \  M  I  ■ 

'Ml  -If  (.Mi  t'l  >1  »l  M  lll.il  t  I 


( ,0  \  M  J  )!•  \  J  j  \ ! 
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ir.u  u  i\  is  too <  |i»M  lu  i lu-  ship,  liowrwi ,  ;is  in  l*adi  .  I' 
n{  Kijiiiu-  7.  I lii*  Iwai  inn  ihr  ship  im  l  eases  rapidly 
ai  ahum  i hr  time  ol  nussim.;  f lie*  wake  and  dir  XM 
I  chains  miuml. 

Thus  ihrir  max  hr  a  dan^rums  &it>tip  **»  Mat u  m  s 
t  lose  eiioii”h  i<>  I  fit  siiip  lor  l  hr  l.i  I  in  In  drllrt  1  a  tor¬ 
pedo  lm|  lai  i  nuin»h  awa\  m  allow  h  sidJuiert  tn  - 
k  linn  spat  I  hr  danger « >1  indiictl  hits  ran  Ik- dim 
iu.iU  (I  l>\  m:i Linn  ihr  \  M  sufht  irni !\  loud  lo  pi  c\eiil 
die  t « >i  judo  it  ,i\  in<»  am  it  at  ii  i\  w  hit  h  is  far  enomdi 
limn  i hi;  ship  to  “i\r  < in  lin.u  mom.  Vn\  irthu  linn  in 
i i it | Ha l« i  mining  tilth  iheieloie  uhxiuuslx  inticasrs 
die  J.ni”ri  limn  Mich  shots.  lo?  ihr  <os  (l  .>  W)  pailel  ils 
oi  “iH.ii  lii  .i!'*  si-jisilivio  paltenis.  1 1 1/ '  /  irtjmird  ol 
an  \  M  “(Ml  \d  ,i\(ri  u  is  ahum  10  til). 

I  «n  in  dc  k  %  u  hit  h  ha\  r  matlr  nrii  I  in  tiii  rt  I  not  in 
d it  rt  i  h ii s  <  mil  mm  lo  i  hi  N  M.  as  sin »u  n  in  i  ii»m  r  / . 
\s  wilh  a  ship  .dour.  sonic  appmath  lilt  NM  lioiil 
ihr  Irai.  makiri”  a  silt T M<< I  MCI  H  rhasr.  1  hr  ollieis 
pass  asitni  ul  ii. Minfin*;  lot  waul  uilh  iniiiiiimin 

i  in  is jvi*v  latliiis.  I  In  si  shois  t.  in  h  :u  mss  in  (mm  ol 
ihr  \M  .iimI  minium  (inlin^.  I.illmj;  was  behind 
iht  XM  and  t  lift  i  inj*  a  Mi  ni  t  hast-.  \|l  n.ijcc  km  ies 
it  ad  m  a  sit-ni  t  hast- al n  i  a!  i In  most  him  passes  a i 
ihr  \  M.  l'»\  <  inpiov  in*>  \  .ii  ions  st  mil  i\ irx  palhins. 

ii  i  in i  hr  slit  iw  n  i  ha i  tlin  ini;  i Ids  pi  r lim  iii,n'\  wt  a viuj* 
.lilt'll  11  ihr  \  ,\l  |.|lr  sllip  i.uiliol  t  aplni  r  dir  U»l  pet  in 
pi  u\  jdt  d  i  ht  \  \  l  is  as  mudi  as  Ul M I  \d  aslei  n  and  is 
a  h|f  it  /  lioiil  I  hr  ;  i  ii  petit  i  a  I  n  r  a  sari  n  <  hast. 

ij  hi  m:»ii.  ss  ul  a  sinvjt  tit »isi  maker  .ii  i  a nreinrl 0 
1  fills  d  p,  i.d.  mi  I|s  ahllliV  HI  pif  \rnl  a  Mil  prdo 
wh'i.lrh.r.  j:i*i  p.iurl  (At  i  il  mi  i  si  i  i  n  t.  h.ise  Irnin 
mill  iljfliiii".  Mil  In  fill  iJ.n  ship.  Iht  lliMs!  tMlital 
I  .if  mr  |.  iIm  mi  pi  do  •  sinsfiixiix  pain  in"  I  In  h  is 
lift.  }/iiol>l<  m  il  i  In  lot  pi. <jo  tan  li<  .'I  ,  i  hr  f  1 1 1  it|ii.(IK 
w-|  / 1  in  all  tint  i  I  miivi.ii  u  ,»•.  jssimit  d  Mi  the  •  :u  lit  si. 

I  r i j i i <  if  iM.uts  -a iitlu:;s»  ^ m 1 1  lie  N  M.  him;.;  J.mnlt  t 

a  in  It  ln*i  i .  i  s  1 1  i  id  1 1  \t  i  jit  In  ai  d  m  m  l  hr  >h  ip  and  I « » 
n  i  d, i  i  I  n  I  <  >j  pt  1 1<  i  t  ii  i  lij  i.i  i  1 1n  n  a  i ,  u  I  it  ir  i  I  would 
si  a  1 1  a  i  if'M  lit -V  Ini  il<  sit  nl  t  hast  ,  Xu  m.ii  h  i  Ih>u  loud 
1 .1  ii  \\l,  il  t  an  I  It  *1  I  ii  (f<  pi  mlrtl  upon  (<i  t  *  nil  1 1  rt  a 
'  mat  lit.  mat  i»..d  ”  paimu  w  n  h  a  si,  t  mi  asiri  n  m  whit  h 

ill*  s»  nMcix  ilx  is  /»  i  * »  il  |<>  I  is  It  n  i  f  i«*  u  lia  i  stfi-v  i  i  i,  silt.  I‘i 

as  i ha i  in  J;if«n!t  IB.  !  he  \\!  j-.  »ik<  j\  m  i.d!  nm.  ih«- 

i.lt  at)  /i  fin  and  Mas  (lit  it  w  hilt  iht,  ship  i  it  list  «nidcs 
lln  (oi  |  >rt  It  i  l o  a  fill . 

"S)im<  mm. ii«  Mi  i.ulitl  1  imu  It  tl*M-  ul  i  In-  ( it  mi, in  at  turn  it 
|tfl|jt'(ltit  '  *•  i  1 1  ■  U  i  \  i  I '»  | '.illi  ill  li.is  uni  I  it  ‘i"  ii  aiai  laiile.  llirir  lias 
il»  r. '  !«(n  ''«•(, la  cm  sh(-  mi!i|(U  til  s,(|t'iv  litun  -ii  m  t  lia-t  •» 

I  lih  III.,  ill  |  .i<  I ,  Ik  i  II  lilt  I  ins  t  >.  I  hi  I'fimtlt-llllt'.ivllir  jfl.il.lt  Ml 


I  hr  (os  (i  uft)  patirm,  h.oivi'vtr.  wilh  tlir  srusiliv- 
ii\  p.nairi  ihan  /<*M)  r\ri\\\hrn-  dm  linhi  astrin.  is 
e.-fimirirt!  h\  an  XM  louder  (iian  i lt< -sliin  h\  lOditnr 
iihuv.  hi  this  (  ;im:  atinm;uit>n  f > I  ilu*  ship’s  noisr  in 
i  lie  ivaki  is  somrl  hues  needed  lo  t  :msr  ihr  lorprdo  in 
Mini  sullir  ii'ii i )\  lor  ilir  ,\.M  lo  ie**ain  conlml.  Wiih 
an  rsi  imalrd  ii.  I  dh  per  looi  loi  ihr  aurmuuioii  ilu  ir 
is  no  thauu-  dial  a  loi  pedo  in  ihr  wake  and  hack 
oral  iht  XM  (mild  Isci'i  flu  siiip.  I  Ids  piuirt  i ion  is 
not  diminished  il  dir  .\M  should  happen  lo  iw  lo 
one  side  ol  the  uakr  i  a  I  hei  i  Iian  imdriiiradi  il. 

ihr  moir  M-alisiit  ponliuil  srnsili\ii\  pailrm 
ri\  rs  new  .issm  a  Hi.  r  ol  » hr  \  aiur  ol  a  sinn  h  \  M .  i  Ia\  • 

1 1 ijm  passed  ou  t  a  miIIk  irul  f\  loud  NM  on  a  slrui 
thasr.  a  ituprtlo  wilh  a  piatiical  panri  u  ic(ri\(  sso 
mm  h  sin  mil  in  IjoiIm  Iian  nr  Is  1 1  om  du  \  M  dial  die 
.it  l<  lil  ini  rt  I  ship  sound  in  one  <  hat  me  I  <  annul  p)  \  ide 
ihr-  net rssjn  \  dilleieni  ial  lo  (lijj  die  i  udder.  Wilh  flip- 
flop  (iinii'ol  die  loipedo  Slavs  ii.\  die  t  irt  le  it.  hap¬ 
pened  in  hr  in  as  ii  dossed  die  \;\l  until  il  lulls  way 
behind,  hor  an  \.M  sowt-tj  "»7n  ii  asiern  an  out  pul  of 
I  ‘J  dh  aho\e  ihe  ship  (an  he  shown  lo  lie  adequate. 
1  he  let  j  u  ii  erl  oulpul  de<  leases  sli»lilly  wilh  iu- 
t  leased  ship  spi  ed  htaausr  die  nnpedo’s  disiaiKe  til 
i  loses!  appmat  h  lo  die  ship  is  im  leased. 

(in  die  I  '.asis  ol  eaih  !  rminmt  nda  dons  I- X,K  was 
..hei ii”  |  lie p.m  (I  dm  in”  t  In  lad  of  Id  I ‘5  u  ill)  1;0V)  \d  ol 
(  a  hie.  .1  In,  i  a  hie  sa”  r.-Mi  I  led  in  a  mu  iu;^  disianre  ol 
‘•7*1  h .  I  hr  t  omplcfed  l  ra  jt  (  mi  v  si  mix .  made  Inflow" 
iii”  dir  ahfixe  mil  line.  re\(  alt  (I  no  it  a  son  fm  t  hail”- 
i  1 1  u.  ill  is.  \  lon:;ei  low  would  i.rquiie  a  hij»liri  oulpul 

10  pl»|  \enS  i  in  I  il  et  f  hils  and  would  im.i  ease  die  dill  i 

(  idliil's  ol  handling  die  j*e;n.  \  slioilei  l»iw  Wtmld 
irinrh,  a  Imdi'  i  ompfii  lo  j.iieuin  Mein  t  hiise  hils. 

11  w^iiiftl  in m*. Been  im  <  to  low  die  \M  ImxoiuI  die 
hoin  irii',  i  .i< I  im.  <»(  die  lot  pt  do  on  die  ship.  I  his  was 
pi  <  t  lia  led.  how  u  i .  h\  du  i  mt  t  i  la  ini  \  ol  this  i  ad  ins 
and  la x  ihr  ”M,iiti  XM  oulpul  iri|iiiit.d  lo  pit-u  ni 
indim  I  hils  if,  .is  is  h k t  lx.  fh<-  i.'diiis  is  ou  t  LMMi  xt| 

I  hr  I  \R  had  lo  h:-  "(It  ju'essid”  hrlow  dir  hollolil 
of  i hr  uakr  stf  I hal  its  sound  would  not  he  in u filed  id 
am  dim  (lion.  I  heir  was.  howrxn.  no  Innui  in  ils 
ItfW  in  ;  somrwhai  lo  one  side  ol  die  wake  while  slid 

mami.fi/iinu  ns  < It  pi h . 

(  ttnsit h  i  i  *  ion  r.as  ”:\rn  to  a  noiss  makt  i  five* I 
will?  lespei  I  lo  die  ship  full  on  some  heal  ill”  ot  hel 
i  Iian  aslei  n .  J  hes<  oi  In  i  posil  ii  ms.  w  hit  h  niirjil  ha  \  e 
hreii  at  ( omplished  h\  <  oiirri il.i ai i  tl  ma.diim:  <»im 
hie.  st  tmed  lo  he  in  lei  ioi .  I  hr  (  I  LI  11  t  r  of  tlilrt  I  hils 
ilM  I  rased  sins  t  dir  sliij)  tut  m«;n-  Mato  ifts. 
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I  ii.i  id  S.  |  \  | iii  .i I  tr.ijn  lot  ios  irl.lliw  U>  .i  1  *i  |o  |Skl 
shiji  w i(lt  iw«i  inui.'il  in*i*.<lm.ik<|N.  Siiiiil.n  h a|c<  Im  w-s 
1  V»H(i  •-{ •!  1  I  HU  I  (I  nii  |; 

salrls  hum  iiulii e<  l  Mils  il  was  lice rssan  In  keep 
I  lit-  \  M  w  il  bin  MlM)  sd  n|  die  m"h  \v\.  Mosi  important. 

I  he  ship  was  in  ,i  hetlel  position  In  (Upline  tin-  Ini- 
pedu  as  it  circled  luck  hum  the  \M.  I  nk  i ll\,  dir 
Mjitai  iniei  Ii  h’Mc  e  would  he  im teased. 

1  1 »i  jri  lui  \  aiiah  sis  (  uidn  UK  <!  I  hr  i  mn  lusion  tlial 
J  W  ()  \  M  s  low  >  d  .i 1  m.isl  ua  v r  :t  mure  i  ei  I  ail!  LUlUlte! 
measure  than  a  sin.i*h  l*\k.  I  he  ad\ania“e  ul  tin 
Hi  it  ish  dun  hie  ft  >  N  I*  l<  l.i\  ini  i  >  eliminai  iun  ul  pi  a* 

I  if  .ills  .11  tin  .inihi<;int\  w  il  h  it  j»ai  d  <o  stei  n  i  liases. 
.1  i'll  <i  Im  pedu  with  /r  i « »  s<  1 1  s  i « i  \  v  ,i  halt  I  lie  heal  it 
ic.i!.,  1 1  u:  cos  n  patte'niii  I-  ij*m.e  ’•)  could  hi.-  jelied 
iipuii,  .do*;  it  li.tv  passed  « w  t  I  mn  \  \  |,  tu  In-  di . i \%  n 
to  tin.  u|ln  »  hi  Iun*  ;•<  llilij;  too  (  Ium  lu  tli.  ship,  as 
shown  hi  I-  i;*  1 1 1  c  •  S .  DihiiM;  (hi  urilia‘1  appiuail.i  tin 
I  0X1  15  svsii  in  is  ( <jiii\ ali.hl  to  oik  \\|  with-  :h< 
sa  me  total  mil  j  ml .  I  In  tm'pi  do  is  ei(hei  mi  a  1 1  .n  tn\ 
low, ml  mn- ol  i In-  \  M's  m  luwaids  the  ".u.oiisi  jt..' 
»  enii  i  i  >|  »>i  ,n  il>  "  h'M  w eeji  l  hem.  I  Inis  I  hr  i  ham  e  ol 
a  dii  ei  1  oi  indii  o  I  hit  is  «  s-.<  m  ;.d  I  v  I  In  sum  Im  (In 
dm  1 1 ile  I  (  )  \  I  lv  as  Im  a  Imnlei  d  m*  Ir  I-  \  K  . 

1 1 hdn  si  pi  ioi  ii s  u.is  *•  i  \ <  1 1  to  i In  d<  \ r h t prm  n  1  of 
ade(|lial.r  diwihls.  Ih»w*\ri.  as  tin  I’nli  h  v,  ie 
find  in*  miii,  i  he  piodm  i  ion  and  ham  1 1  in'*  diffic  u  It  ies 
seemed  to  he  e\f|einel\  j*|e,il  will)  Sinie 

most  ol  (III  e\  ideiiM  ifnlic.iled  the  ;rd(«pi.i<\  ol  a 
single  \  V|.  tin  deiisioii  was  made  In  the  l  idled 
Si. lies  to  is*aje  l*\K.  k mphads  w as  pl.u  i  d.  Imwexci. 
nil  tin  im  pm  la  in  e  ol  <  sainimn;.;  eai  h  I  >i  t  ol  new’  mi 
del n e  to  make  sine  that  ihfs  dr<  ision  was  nol  im.tli 
dated. 

r,:  1  J)ct ailed  liiK’llij'cnc.c  Concerning 
(he  Ccrmaii  Torpedo 

As  the.  ideas  desi  » ihed  ahote  wele  hei:*i»  Winked 
mn  in  detail  duiiuf*  (lie  (all  ol  PH.}.  Imiliet  iulm 


maiion  was  accumulated  on  the  operation  ol  ilu* 
( nii  nan  im  pedo.  In  mid-( )( tuber  a  detailed  and  ap¬ 
parent  ly  an  urate  disc ripiion  id  t  lie  1-1  amustic  tot- 
pedo  was  obtained  hmn  a  prisoner  ol  war  [H/W] 
whose  Iasi  <  uiisr  had  started  on  July  do  with  thiee 
T  l\  aboard,  lie  also  reported  that  an  improved 
model,  the  T-'t,  was  expiated  lot  opeiutioital  Use  in 
Aumtsi.  The  I  I  was  a  nunliln  at ion  ol  the  electric 
C,7 e  torpedo  slowed  to  L‘(i  knots  and  with  larger  rud¬ 
ders  to  give  it  a  !)0m  I  in  ning  radius.  A  liijuid  Idled 
plasm  nose  enclosed  two  torward-fai  in#  'hydro¬ 
phones.  In  a  pve  installation  test  (“Spat/''  irM)  the 
1  udder  was  seen  to  have  three  positions,  hardovei  oil 
e.u  h  .side  and  on  nsiolia  I  ly  cential.  as  a  noise  source* 
was  mined  ahout  the  nose.  A  switc  h  was  to  beset  oil 
eithei  "W'S”  m  "\S”  at  the  time  ol'  firing.  This 
switch  had  an  undecipherable  elite  t  on  .the  aioustie 
milder  i  mil > ol,  which  did  not  hcioine  dear  until 
min  h  late) . 

Another  prisoner  ol  war  who  had  observed  run 
iiiiii-  tests  «»|  ti'it'  iui'priju  111  die  oaltir  coiliilTIlod  tile 
m-iieial  lealtires  ol  out  li a jei  im  ies,  hut  added  a 
notii  cable  wrasr.  I  his  landed  to  imifiim  die  holiel 
dial  flip  Mop  » unit  ol  was  used. 

Will]  t  lie  p:  iso  vie  i  ul  w  ais  desn  ipi  ion  u|  die  1  I 
nose  ms  a  stalling  point,  ai  i  aii^i  nieius  Wetej.nade  h> 
i  t'i  onsii  tu  t  ihr  h\<  hop  hones  in  ordtvi  to  obtain  tliiii 
sensiii\il\  pal'li  in.  H\  Deien'ihei  pi  i\|  i  iniuai  \  resull  s 
i 1 1< lie  .•  |.( -« i  dial  die  I  •  I  -had  \eloc  ji V,.  h\dmplu>nes 
i  on m  i  ti  d  h\  phasing,  i  u  r  u it  s  and  sensil  i\e  al.  ahoul  a 
k<  .  I  he  sensiiisiiv  pailci  n  would  e>uh.  he  ahoiu  2 a 


)  K.i  Kl -!k  Seiisilu  ilv  ji.il  1 1*1  a  <  »l  ies  inisi  i  iti  (cel  I  \  liutut 
| illf.nu*  Slcni, 
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i N >  ({own  SISU-I  n.  All  libs  was  urlminr  news,  Iriidinu, 
to  1 1  mlii  m  i  Tic*  piatiital  paiurn,  tliouuh  tomplrti 
nirasun  im  nis  unr  not  made  imiil  somewhat  lain 

All  was  mil  ms\.  however.  XliMMimiwi’iv  win.' 
made  will)  e< | it i| ii i H‘i 1 1  width  imnirdiairlv  bloke 

down  . . .  .  i Ik  -sr  nniaiivrlv  inditai  tl  fhaft 

I  In*  ship’s  own  sou  i  hI  was  noi  aiirnnaird  in  its  wake 
a  I  lirt|uen<  it  s  hr  low  In  kt .  I  him  hr  w  ake  tnuld  not 
hr  (It  printed  Upon  lo  (Mill  1  hr  loipttlo  aim  a  sirin 
t  hast*.  l  ull  ifli.nne  had  in  hr  plan'd  on  ihr  sriisim 
in’s  noi  lirins*  limit*  than  .'hi  dl >  dnw  n  as'ri  n." 

StaUrltil  in  h  >i  in. 1 1  ion  was  indiiating  lhai  ihr  I 
was  in  use  and  dial  ii  hat  I  a  spied  ol  1!  1 1  knots,  lids 
in<  leased  1 1  it.*  important  c  ol  ha|itloiirs  in\ol\in»* 
low  speed  i  alios  anti  also  nit  least  tl  ihinrsl  in  how 
sell  noi  si*  hat  I  I  urn  l  rt  lilt  rd.  (  )llr  ol  dir  limit  la  n  I  as 
(it  it-poi  ls  i  |,i iuirtl  dial  lm  atoijsiit  insulaMou  and 
r\M  .1  t  plosive  pov\ri  in  lit  1 1  ol  I  hr  l«  »l  prtlo  had  been 
sitillrd  sv i i h  yumoiion!  I  lutr  seemed  lo  hr  iwo 
niotlrlsoi  I  *».  oilr  M!il  h  a  » oinitl  piasl  it  nmr  likr  llir 
I  I  and  the  nilin  wvili  a  (lai  nost  Imbedded  in  iliis 
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noisr.  In  addition.  explosions  liruralh  ihr  ship's  krrl 
would  hr  ’iiiiih  nmw*  - lamut* jiij^  dims  a!  dir  side  o‘ 
dir  hull.  1  h*>t|o h *  wasniu  n  i»m  i  t  ai  inj.  mn.i>nei  it 
hrhi  about  dir  l*\R  lo  dt  iopatr  ihr  tot  prtlo. 

In  Ian*  jaimaiv  a  t  nmph  U*  rspri  hiieiilal  si  nsil  i\ 
i l v  paiirin  was  ohiainrd  limn  du*  raonsinuial  1  I 
nosr.  Il  srrnird  likrlv  dial  du-  imnul  imsrtl  l  a  pox- 
srssrt  I  Hi  is  san  it*  pal  i  rl  li.  1 1  t  on  It  a  inrd  lo  dir  a  ssi  nurd 
piatiital  pailcin  in  dial  rath  t  iiannrl  had  its  maxi 
mu  in  scnsil  it  ii\  L’a  iIc^ii  tmui  its  own  side  ul  ihr  how 
ami  iis  srnsil i.\  iiv  a!  no  ai:«{lr  dropped  moir  dian  L’H 
dh  hr  low  ill  is  maximum.  I  lowvv ri .  rat  h  t  ha  i  mil  had 
a  jiimamt  in  srtoinlaiv  lohr  ai  ahoiu  (>D  dealers  on 
ihr  opposiir  huu,  width  even  will)  the  hrst  adjnM- 
nw  ni  t  on  Id  noi  hr  hi  nuj»hi  mol  t*  dian  2  dh  below  dir 
m.'iiii  lohr  ol  ihr  oilin'  i  luiuivl.  Ai  all  l/rarin&x 
j»i  ■  airi  dial  i  tin  dt  ”1  rts  du*  pa  lit  i  ns  Jot  ihr  l  wo  chan 
in  J  s  mu. dnnl  within  7  dh  ol  rath  oilier.  I  ht\ 

( lossrd  o\ri  rat  h  oil  in  in  a  <  1 1 1  i  i  <*  random  I  ash  ion.  as 
shown  in  1  i»mr  !k  Ihr  diilcarnl  ial  P  irtpiiirtl  lm 
slrri  ini*  would  ha\r  In  hr  7  tlh  lo  prrseni  llllsr  nv 
< « »i  1 1 1 1  si  1 1  s  i  rt  r  i  i  ii; ,  mining  lo  port  when  dir 

laj«.»rl.  was  ahoiii  I  ID  (li^ircs  oil  dw  slai  hoai  d  how. 
.\r\  rl  I  hr  less  i  \  was  lhnu<Jn  possible  I  i)MI  illoidiTIo 
;><  i  a  ^ir.ih.’t  limnini;  lani'r  du,  rnrmv  ini^hi  have 
(  hosrn  P  dh.  comiiiu^  On  tlx  low  seiisiiiviiv 

asm  ii  i o  pi  i  s  mi  <  on!  usion  b\  hiding  ihr  ship's  noisr 
in  dir  hat  k;;m£:ml.  VV'halrvri  ihi:  P,  onh  a  smutr 
Ik  I  \\t  t  11  .’i  driprrs  »:ild  I  >(>'  ( lri»l  rt  s  oil  |  I'm:  how  roil  Id 
lx*  <  '•»  lain  lo  Hip  ihr  I  utldt  r  hi  du  <  or  i  ri  i  din  <  I  ion. 

I  Ins  pall)  ni  iinpMivtd  id n ■  \iiin  <  liasr  siliiaiion 
Imi  iiw  it.isi  il  dir  d.ninri  o|  ati  hidiirt  i  Idh  llu 
Igui  i  loir  ah  (list  i  iminaiioii  and  die  likelihood  oj  a 
ale)  P  mack  il  inn.ic  1 1 i Hit  till  dian  with  ihr  prat... 
lit  .i  I  pain  in  (mi  i  lit*  ship  lo  lake  uMf  ihr  loiprtlo 
alu  i  a  sic!  n  t  Iwoi  ...( )n  llir  ol  hr!  hand,  a  tniidel  \  VI 
was  i  r<  |  ii  i  m  <  I  lo  pirvnil  ihr  ship  linm  ainatim^  a 
1 1  u  ordo  ol  1 1  ol  a  nr.iihv  d:ii  ni\.  ! ! ..  I  his  lot  prdn 
t’i.ulrd  hu  <  uoii;_di  hu  lln  \.M  lo  hr  mmc  ih.m  hi) 
1  (t'V.’i  *.  <■  s  ol!  ils  .hnv  .  il  Would  (oniiimr  tui  lin^  no 
ln.il  (rr  how  pool  I V  il  i  rt  ri  v  rt  I  t  lit1  s||  ip’s  son  lid.  I  sii 
■dh  w  hr n  il  ”o|  hratlrtl  Inwaid  lln  Mirws  il  would 
lx  in  a  posiiion  in  j»o  in  (oi  an  indiirtl  hil.  \  dii<*( 
dvr  was  is- ut  tl  lo  ihr  (Iht  l  I  ha  I  am  l '  Imal  she  mill  hr 
krpl  i  in  >i  <  -  than  k'D  tlr^nts  oil  llir  ship’s  how.  I‘>\ 

I  ok  iii‘4  du  ii.niiiirs  In  i  hr  i  I  min  litt-  sliin  di  is  ki  o 
trtl  n  it-  wot  i  It  I  rliminair  most  iiitliiri !  hi  Is  as  will  a*. 
all  dit  t*r  i  ( )iK*s. 

I*\  |;iiih;ii\  I M  1*1  I'\R  Mk  '1  (siiiiahfr  in)  speeds 
lioni  Iti  lo  l!(  kimls)  Was  i;rllin^  imo  *»mrlal  us< 
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iliu-s  I iv  monlhv  .rsmil  H'vvcU  snliil:  eieilll.lllt  sllljis 

i  i«ks!i.U(  liri! . 

ihoaid  l hr  Ij»"i  i  rsioii  \|v,(|s.  I* nr  (own  speed*. 
(XU.  \  1  k  :*•  wav  beiii"  ivaud  in  Mii.illri  « s .1 1 1 .  1  lit 
1  1 1  ill  nnri.ilion.il  il  illn  11 1 1  irs  willi  !‘\  K  Mk  L*  .hum 
I  mm  (hr  liiniis  imposed  upon  1  lie*  aniisiibmai  in*  \i*s 
srl’s  speed  ailtl  (loin  lllr  ( i< *  1^1  e.ssnl  (emplowd  lo  keep 
dir  \,\l  hr  low  (hr  waken  I  hei  e  uric  also  i  on  flu  I  ill" 
repo)  I  >  as  lo  w  lu  I  Ik  i  i  hr  pi  ndm  i ion  models  hail  «  hr 
specified  I-  In  I  .r»  i  lb  cm  css  i  1 1  on  |  j  >n  l  n\  c>  I  hi  ship. 

l.i.  !o!  ,!  Si..w.j4{{  ;!(;•;  -  5 -•  |v  ;!j 

iil'lr.  Willi  imiili  ti  la)  and  nmi  a  .‘in  in<  li  p.nalkl 
pipe  \  \l  W  i*w  •  lodopiil  width  tnllld  he  lowed  ill 
am  >p<  ed  hum  S  m  'J’i  kimh.  Il  was  d<  nu  \scd  l»\  .1 
!M)  lb  ut  it*  1 1 1  called  a  ''minnow."  Il*  iniipui  was 
slea dl«.r  I  ii.in  I  li.il  1 1 1  I  \  K  \ I  k  '. !  .1  ml  w  as.  ai  ki..  ..'h  in 
>  dl«  a  l»o\ »  tin  ax«iai»i  dc\iin\-i»  1  m  m  1  ■  I  >  I-  ,  llils 
1 t  ‘iispai  t  d  f.iMu.ihh  villi  1 1n  (.an.idiaii  l  \)  •*!  ai 
and  I  lie  1  oiMpoir  nls  o|  tin  Hu  11  sir  I  <  )  \  I  K 

Wi  a  11  w’h  lie,  i,n<  was  t .  1  k «  11  l«i  im.sli'eih  all  Ini 
pi  doin' *s  m  .ill  e|l  1 11 1  lodi  li  mu  mi  1 1  if-  j  1  a  1 p !  a  Mil  le. 

I  1  s  |  (••nn  .1.(1  ivimd*  hi;  1  ai  h  1 1  m  1 1 1 1 1  1 1 n  jniinhi  1 

n|  llii  till  Ills  W'ibl  ll  Wt  l<  di  srpiali  d  ,|V  p.nh.lbh  I  .» 
Inis  on  di<  basis  ol  mnllr.'c  in  1  a  vail  ibh  !  ■•  I  f  »r  f  iln 
hi  nn  ui  :11m  inti  1  (<  oinph  n  (  *  1  1  in  111  n,  1.01  ds  .n  < 

si  1 1 1  not  .n  a  1  la  i*|<  . ,  (he  ii  up*  »i  l.i  lit  1  n|  inuia^  \  W 
Ui  damn  J.ni  Js  1  *  :•  inn  .  w  as  eijijdiasi/i  d  I  >\  1 1. 1 «  I  i-.i’di  pm 
poi  1 11  >1 1  nl  1  Mni  1  1 1  ii  idi  ills  1 1  Oil!  nl  II  | In  *»i.i‘di  W  a 
)!M  I  >  III  W  (ill  Jl  I  hi  pi  t  •?  Mil  nl  I  III  l  I  m  i,|  |  U  ,is  llllsll 
|  a  (  lid  urn  1 1  I  hi  1  a  ii'.m  was  li  ss  1 1 1  ..<  1 1  ‘»(|U  \  d .  |m  diesr 

i,hi  s  limilhi  1  •  UMY1I1  1  lili  asm  1  1  niihl  li.m  Im.i  11  elh  < 

*  J  v  e.  I  he  si  n  |<  Ii  11  I  mi  si  n|  ah  1 1  ad  a  1  i;m  lie  ships  h  11  n  1 
Wa\  l!l  I  I  i  m  hided  one  »  a  si  w  ilh  I*  \  k  Ml,  ‘J  In  in*’ 
I'MU  d.  Iln  n«wl\  di \<  lopi  d  “i  a)  Was  soon  mmii  d 
and  v..*,  eh  .1^11. iied  I  \U  Wk  I. 

f  n  I  In*  spring  11I  I  !l  f  I  a  1  np\  nl  a  I  >  1 1 11 1 nj  I  a  1  >li 
w as  ii'iowiid  j  1  (Hit  a  i  -lm.il  Minded  nil  India  l>\ 
sid»si ii ni imi  min  in  in"  i;  i.mvle  ii  laiinnships  tin  ini 
pedn  s  speed  w.e  inlifilined  In  he  :!!■  .  knots,  al  le.nl 
nn  iln  inili.d  mm  nm.  !  11*  i  'I  i^irimi  ni  tin  mint 
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mum  In  in^  ranges  dabulaiecl  as  a  lumiinii  nl  1  lit- 
label's  Ini.  il*  i  mu  sr  and  speed)  iiwralrd  thill  the 
mi  pci  in  had  a  MMf-ni  enabling  mu.  ihai  is.  11  wasSei 
so  dial  die  hv< h  1  iphones  could  not  cnnliol  the  sieri 
ill"  uni  il  a!)  m*i  alu-r  (n  ni".  1  Ii  is  was  in  help  imweni 
die  impede  i  1  nm  homiii**  on  the  1‘  hoai.  i  lu-  mini¬ 
mum  In  inj*  1  a  mm  w  as  spec  ilieil  so  dial  alter  1  Ids  V>0 
in  die  si  1  ru  s  would  si  il  I  hr  ai  lea  si  HIM)  m  ahead;  1  hen 
die; e  w  as  no  <  ha  1  :<  r  nl  die  Ini  wait!  look  ill"  lol >rs  not 
In  ai  in”  the  ship. 

kldunt"h  inlonnat  ion  i  nm  ri  nih"  the  ini  pedo  was 
dins  "i  nw  in"  sieadilv .  ;i  was  si  ill  1  a  din  h  aj»nu  man 
and  niis.il  islai  ini  \  in  die  spi  in«*  nl  I’)  I  I  I  Ins  was 
soon  in  I >t  i  ha  11  *»rd. 

r’-’;  SiuclicN  of  Capltircd  T-5‘s 

<  )n  J  mu  Mil  I.  I  SS  ( 1  unal  and  cm  m  is  t  ;ip 

1  in  ed  l  w  iij'i  two  !  nn  ml  nosed  I  -  a's  aboai  d.  I.  hr 

fnsi  exainina  I  inn  n(  lliese  Inipednes  showed  dial  ill 
side  rat  h  plasiu  nn.se  thru  Weir  not  olds  I  wo  hvdio 
pi  mm*,  aim  son  11  lupiin  mu  also  a  nimin  mini  stem 
mu  diuiiiii"  each  In  di  opiums  llti  dt"i<fs  oil  die 
h<iw .  hoi  li  h\d;  op  1 101 11  "n\  1  !  lied  a  (liainul  w  idiom 
pi  i.lsilif;.  !  lie  mas  ililllin  selisilisits  n|  die  whole  sxs 
n  III  V\  ;|s  al  annul  /  I  .  k(  .  (  niiMiJei  abls  liipJ^'T  diaii 
had  bi  1  n  (In  » « 1  Jit  I  Ills  liiieliei  I'liijnems  was  all  im 
tin  ".nod  since  \  \  I  nil  I  puj,  h.ii  I  III  e(l  fnillitl  lodlnp 
•  >||  h  ss  i.ipidlv  Wldl  Hull. MU"  !;j<  1 1  lie  IMS-  ilia. Il  did 
ship  muse.  I  Inis  I  N  Is  NIL  I  wavahuiil  »U  dh  mi  1  a 
DI-  af  ,  kc  ii 


(.o\|-||)|  \  (  1  w. 
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rOI  NTI  UMI  ASl  iu:s  TO  Mil.  (iKK.MAN  ACOI  S  HC:  TOlUTiH) 


I>\  Anvils!  mra.Mm  inciMs  ol  Vlu:  M  i\  il\  pattern 
revealed  ;i  more  unpleasant  sm  pi  isr.  I  hr  response 
aMrrn  was  t'j,  ilh  Ik*Iow  lllr  maximum!  !l  it»l lowed 
that  tluTr  was  Miinr  t  Irani  r  ol  stern  hits  with  i- \  R 
Mk  I.  e-spct  f  .1 1 1  v  since  IK  l  111*  (lilltTrnli.ll  net  drd  in 
iliji  I  hr  ruddct,  seemed  to  he-  mils  lZ  dl>.  On  die-  other 
hand.  ihr  patterns  Im  die*  two  ehamiels.  shown  in 
liipne*  II,  unr  Well  srpaiaird  (I»\  almni  IM  <  1 1 1)  lx 
iwrtil  lllr  an^K  sol  l!U  e le  xers  and  ILiaele^reess  ol!  ihr 
leirpedo’s  huw\  I  his  loi»rlhcr  wilh  ihr  low  l>  and 
high  XM  eVuNs  eliminated  ihr  dnnai>n  ol  imlirrt  i 
hits.  In  I  at  l  llirir  wrir  m»  i  iitlii  c*<  l  hit  uajrtloiirs 
cvni  wilh  an  \.M  iOOvd  astern.  .Siiuv  ihr  Imi^r#  low 
j>a\r  hrllri  plotre  lion  h  oin  sirm  i'Ii;im\  add  ini*  inoir 
ruble  am  mi  Id  have  hern  teiemiltlLtulld.  had  :u  Idiil 
l  milling  tests  wilh  ihr  I  Vs  Mol  hrrii  cxpritrel  vc-l  \ 
m  uni. 

Sin  h  irsis  wen  nan  i<  ul.n  l\  m  i  rssaiv  he*auseol  a 
nrw  romplii  alion  which  was  eliseovnrd.  Ihr  ioj- 
prtlu  was  lonnd  lo  have  a  ronnnoii  a m | j I i lit  i  lino 
wliit'lt  ihr  l  wo  1 1 1. 1 1  inch  [  <i  r  *.w  i  t  <  I  ltd  allrmalelv  IDS 
linn  s  .i  second.  II  the  signals  writ  r (heir  would 
hr  no  I  OS  ( \t  h  i  mli  j  jiiimiii  in  ihr  oiiijmiI.  <  >l  1 1 1  \  wise 
i  hi  phase  ol  l  his  i  nni|  >mi< an  indie  .m  d  wh  it  h  signal 
pi <  dominated.  I  ion  Mr  .u  use  li  inn  i  Ik  I  hi  that  !  X  K 
Mk  I  jij}x  ■»  -linn  k  !*»•_•»  i lu  i  w  ii h  ,i  n <  »|*n  in  \  limn  ' n l 
in  1 1 -i  (  \ 1 1 1  s.  \\’ ha i  •  \i  as,  lln  loijutltf  »is|miisr  in  a 
signal  wilh  din  modulation:  I  In  answri  wa.>  mm 
|fll<  .lit  <|'li\  I  hr  (  llrt  1  nl  ill*  .  1 1 1 1  *’»l  1 1 . 1 1  i*  Volume  eul.i 

llV.i  |  \\(.|. 

Snuir  1 1 1 m  si  ions  wij-» »  .  linn  i  \  i  i .  < li'  Inni  rh  aiisw  <  i «  d 
h\  inspti  ( ion  ol  llnji  im  j»«  dnrs-.  |.  hi  lin  a  ii  inr,  nl  i.lu 
*  ;V\  S  and  "\S"  s<!jl  lilies  had  Urn  |*»|  *  1 1  \  w<  II  <  I*  • 
din <  d  hoin  | M Uim •/  * »J  war'inh.it  in.iinnV.  Now  ilnu: 
\>.is  i  oii.hvj /i.n im i.  |\  s  was  v  i  on  a  torpedo  U  im* 
In  <  (I  limn  w  j  ( 1 1  if  f. '  ill  iii  m  i.  s  ol  lln  .i..iij;i  is  how  ;  lids 
rt(|IIM(d  dial  win;  n  di|h  l  (  III  i.i  I  w,(s  Ins)  ihr  |oj  pi  do 
would  r.oniinnr  in  il  >  miriiinnni  imuin^  rii<  !r  dial 
is.  (lift  lloj)  <  ohirol.  \J>  was  used-on  i«.u  shop  and 
Yiiade:  dir  tnjpedo  Mliilli  lo  ils  oii^ii'ial  ip  i  o  eouiv 
a  1 1 1  i  i  n  riv in**  in  •  di'ilcniil  ial  loi  seven'll  set  oink; 
whe  n  dillri <  nd.il  I)  was  main  lrcriud  die  t  udder 
w'fiuld  ait  a  in  140  o\  u . 

I  Im  irason  loi  having  IkhIi  se.’itimjs  seems  10  lie-  in 
l In  Ira  1  llnii  the  101  jtrrln.  as  n  appmai  In  s  a  ship  1 101 11 
a  distant  f.  11114(11  Mail  <  its  1 1 1 1  Ji  as  a  leMilt  ol  .1  (iim 
poiaiv  iiKtrasr  in  noise-  Irv«  I  hut  hrh’ur  ii  could 
ircriir  a  slejtdv  signal  1 1 * >1 1 1  dir  .ship.  I  his  was  a<  • 
o  juahh  011  lonvaid  -shots  shier  life  ship’s  inoiion 
was  likrlv  ro  (.lose  thr  rali^r  let  when-  homing  eetidtl 


Mart  and  >iin  flip  l'lnp  (onu'ol  was  lu-rdrd  il  ihr  lor- 
prt!o  shoiihl  miss  dir  sirin  on  i is  Ins!  pass.  On  Mrm 
shots  dir  lli jj-llnji  was  noi  nrrdrd  !>rt  ausr  1  In-  uti  pnlo 
1  aid  el  slay  on  ils  |)  ;u  Ii  i\.  Ri  Mini  11114  j*\io  t  oiiliol  allrr 
a  irmporaM  signal  was  likrh  10  hrini»  h  into  hominj> 
i aii^r  ol  ihr  j rti cal in»  ship,  whereas  e  in  lino  would 
Iriiw  ii  hoprlrssh  hrhind. 

\  <  i>iisri|urncr  ol  (his  i  mmol  system  was  that  even 
il  U'S  shois  wriv  sin  t  cssf  ull\  pi  evented  Irmn  making 
sii  1 11  ehasr  liiis,  (Jirie  snijflii  hr  tlan^ri  of  mu  h  hils  hy 
io|pedo(s  In e< I  mi  \S  limn  wiihin  .»0  ilei'i'rrs  ol  the 
ship’s  stem.  I  hrse  \S  liajee  lories  on  passiuj*  o\/*r  ihr 
\M  into  a  region  ol  no  ilifleu-m  ial  would  lake  up  a 
V,  wo  mill  se  w 1 1  it  Ii  would  lake  diem  lowai  d\  1  hr  si  dp 
i<i  a  jxjsiiion  (1  0111  w  hie  h  1  lie-  se  1  civs  t  mild  »uiele  ihei!ii 
in  lo  hit.  An  \S  Impede)  filed  horn  laithei  eell  due 
siein  would  iriiun  lo  a  jojo  eolirse-  Irmn  width  ii 
lould  ne\er  heai  die  shijj  01.  when  ii  did,  il  would 
nun  i.n  eiioi<t*h  n<  sit-in  :i>  hi'  ieiai>imed  hv  .MM. 

lhe  linjinaiN  mi.inin^  li  sts  w  ith  d;e  Im  pi-does  ir- 
visdtd  a  MiMiing  Jadiiis  ol  HO  ol  .md  a  speed  ol 
krn>ls  on  1  in  ns  and  e  oulnnit  d  Z  I  U,  knots  as  die  speed 
on  ;p  m  e  on  1 1  ol, 

Muring  Orlohi  i.  one  \i;ii  .ill-e!  die  Inst  iniensisr 
e  oimii  1  mr-asuj't}  Miidirs,  dilailed  ohsi'naiions  wen.- 
*  1 1  *  1  *  It  * » 1 1  L'O  u«  <  nisi  ie  inns  wilh  die  J  .Vs  appai  cully 
in  p)  opel  op<  1  ariiit*  e  oudil  ion.  I\R  Mk  I  provided 
t'«)od  piotee  l  ion.  |-  X  R  Mk  L!  pi  om  d  i  -fj  1 1  a  1 1  \  e  Heads,  I; 

1  \(  1  pi  -Mi  i;ik;  i  im  din  iii<4  w  hie  lr  ils  oitlpitl  was  el 
.1. life'.  I  lie  ( Aplai.uii  ion  ol  lliis^ood  ne  iis  lav  in  ihe- 
v«i  \  I.n  141  w  pile,,  w  ilh  "width  ihe  loi.pitlocs  a  p 
j/J'f  »,K  in  « I  ijiese  N’M's.  I  hr  hMpeilo's  lie;, 11 1 1  was  ol h  II 
pi  1  s<-;iiltd  In  ihe  X  M  heloie  I  he  I  uddi  r  Hipped  le> 
ai  ir;v  1 1 1«*  aussile  111I0  li'|<-  iiesl  phase  ol -ihe  weaver 
M  Ifeii  ihe'  ship  sj »e<  ej  was  I ‘1  knots  o)  oi  el  .  I  lie-  1 01 
pe-(|jO  was  not  al.»lt;  lo  o\ei.lake  ihe  \\|  lini  wiaved 
hark  »'nrd  Imili  hehilu.1  il.  Willi  a  slpwri  laij^el  (fie 
I  /  W  .Is  ,1 1  ile  In  e  i)  c'le  f  i  1  a  he, id  o|  1 1|< '  i\  M  Oe  e  aSioi  1 
all),  hul  ahvavs  ai  M.u  h  .111  ;ujj;Ie  dial  die  ,\M  Cun 
I  i nurd  in  t  e>h< t  o|  it ,  ,ti  1<  a>l  tint  if  ii  haei  hdlen  I :eh i ml 
du  v\  M  .  1 14 . j  in.  (  heir  weir  no  passes  (litre  il\  over  die 
\  M .  M  i’Si  1  .ms  wric  o'i  \S  uiili  ilir  ji\io  t.onisr 
| J.  11. 1  Hr!  To  I  In:.  s!ii|)  in  01  (It  1  10  1 1 ; n  < •  t.omlil  ions  inosl 
Itnoi  tihlt  Im  11  su  i  11 .  Ii.isr  liil.  C  \  rli  !  Ills  did  iiol  1  ausr 
tionlilr  lli'-  shijis  «al.r  as  so  UiiiioH  toiii|iaird 
uiili  1 1  ii-  uc.im-  iiui|.-liiiidr  1I1.11  ii  had  no  rflrti.  .\o 
Iraluirol  lln:  lrajr<  loi  irs  could  lie  coiic  hm-d  cviifi 
Ihr  \M\  Sliilsin;:  lici|llriic  v.  a  1 1 1101114I1  in  "Hi'  (  use 
I  hfi  r  Wri  r  Ii  ss  t  Inin  ^  1  \  ties  hr  I  urru  1  hr  Mt  ikili"  and 
llir  loi  in  do  seviu  hiin>  I  rr<  g  1  lent  irs. 


com  im;.\  1. 1,\  1 . 


m  \  Fl  OlMU  M  OF 

!  he  lai  i*e  weave  inn  cased  i  lie  an**  le  oil  I  he  unmet's 
how  from  which  a  torpedo  mi^h!  Ik  hied  and  si  ill 
make'  a  direct  hi:.  A  miprdu  hied  I  i  devices  oil  the 
how  made  such  a  hit .  in •  I  dtiee  sIkhs  imm  about  !iU 
decrees  missed  In  100  li  or  more.  Ii  seemed  dm  die 
e\isi  in»  dot  n  ine  (a  precaution  against  ihe  now  non 
e\is|eill  itithi  i'i  i  hits)  « >1  k’epin”  die  1  ho;t<  iiioic 
than  ‘JO  decrees  oil  die  ships  how  allowed  a  snilii  ieni 
maii*in  ol  saleis  against  du*e  dim  s  hits.  A  stated  a  a! 
aualssis  ol  die  weaving  padis  verihe'd  die  l  ide  ol  L’Fi 
decrees.  because  die  weave  amplitude  increased  as 
i  In*  loipedo  appi  oac  lied  die  \M,  it  wav  lound  dial 
shoi  i ei line  die  l*\R  towing  disiauce  !iom  UOU  yd 
would  mai  kedlv  im  te  ase  the  (lancet  ol  dire<  i  hits. 
On  die  oilier  hand,  using  a  Hut \d  low  would  on!\ 
slichdv  imptove  mailers. 

I  hiee  tints  wen*  in.uk:  against  a  Jiiknoi  MK 
dh  spec  limn  level  above  O.OOOIJ  dv  ue  pet  s<|  ini  at 
iJOO  \c,li  widtoifl  an  \M.  Ihe  weave-  on  siriii  ap 
prone  Jus  was  nuiie  small,  die  ship  seldom  gelling 
mol  e  than  L!0  dc  gives  oil  I  he  lot  pedo’s  hi nv.  I  It  is  w-«w 
enough,  howe-vei,  lo  ledltte  die  speed  made  *c >* i  to 
about  MU',  knots,  so  dial  a  ship  making  LJO  knots  oi 
mote  should  he  s.ih  lioiu.al)  but  shots  down  the 
I  In  oa  I 

<  >ij  one  o|  llu  se  i  iiiis  i  lit.  lorpc  do  l  m  in  d  i.owaiel 
die  ship  le.l  V  I  t»l»  l*\  l»  i  i  <  It  l  It  o|  .-I  .t  Mil1;!  ol  a  In  »|  d,  I  aid 
vd.  \\  In  1 1 1<  i  oi  no:  i Itis  was  ,i  lluk<  ,  tjn  hoiuiii:*  range 
was  delnn  I  el  v  over  hi  Ml  s  d.  sine rr  i  In  i«»i  pnln.  on  I  >*’  cm** 
en.llilcd.il  llijs  i.lliin  ,  sleejc  cl  (Idee  tls  I « »i  tlx  ship. Vi 
IVK*vd  jioin  1 1 1 «»  range  would  m.d  <.  t  ac  t  :<  a  I,  .•  on  1 i 1<  ig 

me  aviric  *.  ai  speech  oj  |n  |x  knoi*.  «n|»  p  , aside  pour- 
eluie  sj  e  \li  ('uh.  Iv  i  iTs 

On  die  hasis  ol  .lit*  pe  l  l.oi  mam  e  n|  I  \  R  'll.  hi 
dll  rilllliuic  tests,  drvejopnn  III  was  initiate  d  oil  ah 
\  M  v.  III i  ,e  sleiii.lv  olilplil  .1  Im.HU  that  o|  a  good  f  \  Is 
\lk  !_!.  ahoiil  IMi  dh  e i v*  i  ihe  ship  I  his  «•»  ai  was 

fVV  he  slihsl  it  1 1 1  (  d  h  >i  Mk  J  VvlielieVei  d*e  l.illei  \  in 
leile  irm'V  V\  illi.son.'ll  Was  a  se*i  iotis1  h.vu.die  ap.  I  low 
«  *.  es .  in i  SH  islaf  lot  \  de  sign  w  a>  loiiiid.1' 

Milt  ll'W;'  I  he  |;dl  die  e  h  <  l|  null  pails  ol  sevei.il  Hat 

l  Siufai  iiih  ileji  1 1« |ii<ti i  Ml  I  v» .»»  .ri  unit  ■*  si i  :ih:iUi  Mum 
(fr.il  ,i  1 1  I’M*  c"  v\.i>  t|rlc-f(»pf  <1  in  linn  il  oil  «  onij.U  (4  is  '  In  i’(  ilr 
'•lied.  diSi"ii.ncd  .is  ll.np.  flu  noise  oillpiil  ol  I’hup  i.m  tie 
/ill  Heel  oil  '«  #»!l  liV  tJU/fl  ■  }.«<  >u’ir-  ut  l*HC  IdUlh”  c,*li|r.  tl 
should  l»r  I  <  pi  in  iujii'I.  I  lout  \t  i  iir.il  sloppi i »<|  I Im-  SM  <s{h*m. - 
ihr  shiji  n«*i  i  »!**  i  ■>  i»»  loijn  itui  •.  In  of  eini  ih“  (nr  i  pc'iiod  l*n( 
also  lo  loi|ie«i«n  s  ford  wiilim  I *»  inihim  piiot  io  iis  *  i*.*pj>iM_: 
ulir.ll  may  I'.ive  tVi.fi  pen  i«i:i.,i  dir  \  VI  V I  *  *-.  l  US  f  oi  |  M'doi.*» 
w  lii(  h  had  hern  ?iaji|*e  ■(  !»\  llie  \  M  would  (he  ii  lu\n  am!  aii  i«  l 
I  lie  ship. 


i  OlVJ.i)  NOiSt  \l *7.-1 

nosed  l‘ .Vs  were  (omul  in  1'iane.e  and  senl  lo  Kni* 
land.  As  had  heen  predicted  die  hvdiophoues  were 
e  on,  hined  hy  phasing  lit  (  Hit*,  inlei  two  ehannels.  The 
m.iviittini!  sensitiviiv  iva.s  at  U 7 ^  kc.  .i  lie  anipiiliers 
weie  oi  a  dilletvm  ivpe  (rout  those  lound  in  * 5  .VO VV 
ioimilmost  d  lot  j.*cdoes.  Ii  w ■;  i  s  esia  I  dished,  iiowevei , 
dial  ei I hei  tlieil.it  noseoi  die  )  oimd -iiose  livdioplioue 
(Oil)el  he  Used  wiih  eidltT  aiuplilier.  Sime  trie  (id 
1 1  i.m  In  in”  insl!  Ue  I  lolls  made  no  (list  an  t  ion  hr  I  Weeli 
mod(ds,  ii  seemed  likeh  dial  liieie  should  he  linle 
dilleieine  in  die  ir  pel  h n  maiw e.  Willi  lliis  inlonna- 
lieai  and  eruouiiiced  hv  Lniied  Siaics  iiiimiii!>  tests 
i hr-  Biitish  in  l)e(.e:i|lu  i  andmii/ed  the  use  (>l  I’ni- 
l()\l  R.;i  single  \  M  't-r<  *i  ri  1  low  ev<_) .  si  in  e  niicv 
pkmation  ol  die  lari*e  weave  was  avail. ihle  and  siiue 
il  was  i ) i ( 1 1 1 o  1 1 (  lhai  die  lai^e  weave  injc)n  not  omui 
\\idi  l  lie  Mew  Iv  disenviied  ,'imj  jI  i  Iiei ,  die  I'ni- 
l‘<  ) \  1  was  lowed  at  i(M)  \d. 

!  he  laij;(  weave. was  not  e  \  pi:  lined  until  a  I  lei:  die 
wat,  when  an  extensive  studv  e>l  die  round  nose  I -a 
e!e:  fjnilSJ  Wil.  in  Was  lompleied  i  he  ilill  ei  eni  ial  f) 

1  e  e  (eon  el  to  (lip  till*  milder  W",ls  lound  lo  depend  oil 
die  i  \  pe  of  noise:. source  and  it]  ton  its  inn  usi(\ .  P  was 
oi.lv  e  dh  with  shije  noise,  which  was  esseni  iallv 
lie  i  rnal  noise  with  ,i  j»«  . i k  in  i  ms  i.uio  ol  ahoiil  I  I  <lh. 
P  vs  as  <  i  iiis.!(  lei  a  1 1 1  \  ‘jp  (\ii  t  a  foi  paiallel  pipe  npjse- 
ina  ke  i  s.  lloiv  t  V  e  l ,  wll« »se;  pe  a  k  lo  i  u|s  :  a.do  V\ as  a ho.li t 
y’U  dh  j  in  deep  vv  ale  )  i.  I  liis  P  I  eisi  Ii*  oVei  I !?  dh  when 
die  jivdi opliooe  oiiiput  was  in  t  he  lii«*h  w.ihai*e  laii^i'" 
e  oi  j  i  him  ineliii*'  l»*  a  signal  .y‘i  fo  S‘i  dh  aliove  n.lKMIli 
eh  in  s  |  mi  se  j  i  in  I  it  nil  l  he  e  1 1  re  e  1  loir  ol  ilia  sinuiiri  sen- 
•  sills  i !  v  )  Ills  c  ol  re  sponds  l«»  i  .lirKs  ol  SIM1  |o  .Ml  Ml 
liof'M  a  I'*  k'iioi  I*  \  K  Mk  I  Sim  e  at  no  he'ai  im; -w  ei<- 
llje  -  s<  ft.sj(  j\  its  p.ittei  iis  nJ  l  lie  I  wo  «  I  Kill  lie  Is  1 1  lore  dial  i 
I'.'.!  1 1 1  v  a  j  i.i!  i .  die  i  1 1  dele  i  e  oil  Id  mil  respond  when  die 
si'-Myd  •  w  Us  so  loud.  '  Mills  die  Impede)  kept  Mil  Itlli” 
Mill  I  Is  1 1 1  <  \  M  vv.is  s<  i  |,n  oil  !  I  v.  |  »o  w  that  l  he  Imho 

plume  m  1 1  pul  VS.  K  II  eliiee  (I  to  w  In  »e  s|<  <1  ill”  dillele/n 
M.d  Vv.is  ohiained.  ihisim^hl  lint  happen  until  die, 
\  M  W  .IS  Oil  die  It  »t  jar a  In's  lie  am.  I  Inin  1  Ilf  1.0  c('  Vse.lV  r  ‘ 
le  siillei.l.  1  lie  n  vpoih.e  was  lound  ro  he  mole  ellalii. 
when  die  \  M  sMikint*  lie  epieinv  was  »  lose  n»  die 
suite  Ilill;;  lie  ejlle  lie  v  Ml(  W<..  the  suite  luil.H  e  il 
e  nil.  and  the  .issoi  led  linie  e  e^iisJants  all  mu M  iln tied 
in ‘in  h  niMiplie  ai<  el  wav  that  imdiFi  analvsis  here 
is  not  w  at  ranted. 

■i  I  lie  III  ii i Mi  <t<  >n  I  .Jr  I  »»\n  ,i I u  ,iu  I i,i 1 1  w  lime  pi  ,n  |  u  ,i|  ;  1 1 i f i 
mine*..  Kin  i  oiiiplc  !  *  -  •  1 1 1  ilivroev  » Sc  o  f  4  .•  (i/'l  txcii  i  Is.**.  r|upc<{ 
in  I  hr  t  ni  lo  J  M.  in  *.  tn  I  hr  r  i  u  I  of  H(.i|i|  U  .m  it  u  )iii  Ii  *.Jk>m  Id 
enakr  .i  Ms  i  ,\\l  mIicIik  K  jsihlr. 


(.o\i'ii)i:\  i  j  a  i 


I7fi 


t  lMM  l-RMi-  AM  Kl 'S  TO  I  HI,  (.I  U.MAN  VOOIX  TIC  Tt>RPF.l><> 


r\|HTiiiiciH‘t  \\ii!i  I'XR  noise  rijual  in  both  chan 
m  is  ;i!u!  u  U  ii  ship  noise  Mipei  im post'd  in  one  dime 
|,i!  i»!t*  i lir  t  i  if  ii  d  t  i m s t ! * !  aim  eas'-ine  :m  .\M  on 
a  shin  c  hast  )  showed  dial  i In-  ship  t  nuh!  Nip  ihc  md- 
dei  when  i*ls  i  ms  (  om 1 1  lull  imi  w;in  aliont  ctpial  lo  1 1 1« - 
sms  1\R  level  in  iioii*  < Isamu  Is.  j  his  meant  lhai 
W  it iioiil  l  Ilf  w  ea\ t  a  l)  t >1  .!  til)  t  oi i id  I  u- 1 mm  lid  mi  in 
i  lie  su  i  n  «  base;  die  cat  I  in  tai<  n'lcti  imis  |ia\«  <1  on  a  1) 
«»l  I  dh  wetc  pissimisiii.  Sunls  til  die  (lit  nil  dia 
!;»am  ol  f  hi-  llai  nirx-iS  i  ’>  ampldni  sn;»;t  mm!  iha.i. 
■fvc.  ii  if  ii  did  i ml  i*ivf  a  u.ravc,  ii  tpihe  possihlv  would 
i f spom I  h>  pt-.iks  o|  |- \  Is  signal  ladif)  ih, in  to  the 
l  ms  v  a  I  »lr.  I  \  R  \l  k  I  si  mn  It  I  du  n  ha  vt  a  «uod  <  ham  f 
ol  di  ms  iiini*  <mi  d  a-  si  dp  mi  a  si  i'll  i  t  hast*. 

Will*  pif-tMM  iidm  maiioi)-.  wt  it  u  in  a  ini  die  iarj»e 
ut  a\  f  a  tpiifl  \  M  sin  h  as  M  k  ’•  t  on  Id  iml  i>«  ati  \  o 
t.ihd.oid  muin^  !■  \  Is  Mk  I  ai  I  no  raiht  i  diau  'JUO 
v < I  \\o(dt!  piovidt  a  di  siiahlt  maii;iii  ol  s.ileiv.  Mail 
\\  oi  Id  \\  ai  !  I  t  on  linnet  I .  r  mm  mi*  it -sis  wadi  die  ilai 
imst  loipttlot  s  wmiM  havt-  htt  n  \rn  ninth  woidi 
while.  I>iil  l lit  ( »<  Milan  sin i «  iitli  i  was  in  iisrll  a  (tun 
pit  ( i  I  v  .u  It  tp  i.ti  t  it  Mint  f  f  nit  .iMiii  . 

*  ON  U A THi\  VI  DATA 

I  |m  an  »t  sn  ol  « Mil  t  oiinli  i  ini  asiiit  s  i  oiild  noi  I  >r 

jiid",td  at  t  lira  It  I  v.j  I)  ol  n  util  own  opt  lal  mii.ii  t},a(.*. 

..in#  <  d|i,'  a?.1  lai'plv  i t-sii  it  i- 1 1  n i  i  .•  (  s  in  it  l.i  d ic 

I  oi  j  >t  d>  i  Ini  Wt  lijavt  no  MtoVt!  ol  um  Hu  fail- 
.  ,  ■  .  * 

ill  i  s  .  \«  \  (  i  dii  It  ss .(<  i  i  (  a  in  ■  III  a  a  1 1  t  il  i  nit  at  si .  I » \  V’.  I 

I  >.i\  •  I  I.  •:  p  d«  hat  I  I  *<  <  n  t  Ii  •  fm.il »  d  ns  pi  uh.d  »}t 

I  j  1 1 J  I'-.  I  i  n/'  I O  ••  i\ ,  i  In  t  lal mi  r  a  i  i.u  »i  1 1  Ills  ha  m  s, 

\n  lin  I  I  <o.  1 1  t  Hull  tlti.limd.  ilu  I  •  •  -;.l  •  1 1 1  loiisiaul 

t  om  1 1  hinaon' tVj  I  Vs  . . »e  inipoiijiii  In 

lie’  Iasi  f  a  i  *  »i  i  i  1 1  *-  o|  iht  \s'<  1 1  si  i  ions  c  t n  i  >n  It. i  j  i  ion  was 

*  •  i  \  i  1 1  i«.i  lln  piolih  tn-.  •  >1  i .  . . .  \\|  M  ai  I# »  inti 

i  I  tail  I  v  *  t  J  •  1  a  I  »l;  I  siUu m.» I  i/t  s  dm  a  s  a  i  la  lilt  in 

|/ij  ma  f  i>  ■(.!  •  »ii  (lit  ii  It  I  il  s  Hit  tie;  hi  hi  i  n  \  ol\  t  I  V.V’ 
i  /I  i l.it  *>»  \  t  1 1  ship*.  1 1 n  w  1 1  ilt  mu  in'*  .VM's.  op<  h;u,| 

I  \  U  Mk  d.  «m«  I  \  U  MK  i.  i  wo  I  Si  n  idi  I  in  I  <’)\l  K 
ill)  pot  1 1  i  ontlil  i<  Hi  i.  alitl  llirift  had  .ill. ii  I  i. in  (,  \  I 


\l  hast  two  ol  ihcsf  (list's  Welt  most  uk<i\  lo  have 
ht-fii  dirts  i  h iis. 

1  f if  I  ns  w  i  i it  1 1  vna (it  •  Ii  i  i  s  on  a m  isi i  hn;;n  i i »<■  sji i1 
wt  ir  m>i  so  Miucsslul  as  oilier  torpedoes  in  sinking 
*  lit  •  i  i  iari*f.*is.  1  his  ma\  piohablv  he  assotiatcd  widi 
die  hi«li  pmpoilinn  ol  i  -.Vs  which  suiuk  ne.u  i  he 
shin  (li:»  po  ft‘Mi  lor  aiiiisiihinai  inr  ships,  ■>:;  pel 
t  cm  lor  n  if  1 1  haul  vessels),  si  in  e  this  nlien  test  died  in 
mdv  lot  a  I  d.nnam  u  hit  It  t  mild  he  kepi  under  <  on l ml. 

Ii  is  hoj  let !  dial  a  much  (inner  pkiure  o(  ,\  M 
tllet  I  i\ eness  will  he  ohiahletl  hum  slndv  oj  (n’iniail 
Admiinliv  Ili.M  unk.  I  hese  cards  tp\c  hu  is  pcrii- 
m  ni  io  eat  h  loipedo  expended  (h\  hoais  whiih 
K*»l  J  mint  ‘  io  irpoil).  Inlenni>al  ions  have  Welded  a 
wide  \ ;n  tei \  ol  (M  mia it  s  o(  die  iiuinhei  ol  J  5’s  hied 
and  iheii  Miurss.  ||  is  deal,  however,  that  mdv  a 
sina  1 1  pel  a  cnl  aj»c  ol  die  (Ol  I  )(.*dues  expended  hit  I  l.ieii 
iai**ei\,  I  line  were  piohal.dv  mam  tlmJs,  as  is  likeh 
w  idi  sin  h  a  new  and  t  omp  lira  let  1  dev  ire.  The  encim 
i mist  have  aiiiihuittl  vmie  laihuos  io  our  noise 
makers,  h  has  been  repot  led  that  orders  were  issued 
dial  when  an  \.\f  was  near.  I  :Vs  should  noi  lu- hied 
unless  ilu  r  I •< »:» i  w as  almost  in  du”  larj^iM’s  wake.  II 
diis  order  was  lollowcd,  die  NM's  sei  vet  I  ijieir  pm 
pose  in  a  vt  i  v  simple  hi.mm  i 

I  mvii  l.  I  •»(•«•!  ( .t- 'i in. mi  ,h imViit  it<i‘| M  ill i  \  "> 

*  Si  . . ;  'I.  I'll'S  \|  |.  K.I'U-m 

r>  J  >1-  » r|  I  ,-.1  jjj-  l'  t 

. VlihMilint.il  (Ilf  Vfi  lt  h.nil 
\t-.srl 

II 

I  '  . 

I* 


\'Mlii  I  it  i  i  il  j  imh.ih'i  I  >  Iti l> 

W  nip  r  u  «o<|  S  XI  -7 

V'  •  I  I 1 .-!  |  ;•«  I  «-  p  M*C  •«  I  Mil'll  c  ‘I  1  I  ’! 

I '  i '  ■  I  ».i  lj(\  il )  ■<  t*  1 1  i  till  it  1 1  1 1  ijc  /  vim  s  11  l’:' 

I  ■  >1 . 1 1  X' 

l '«  <t i  mi.mm'  »>t  .i M  i >‘i  nit ni  ni i,n 1 1 

I » i < <1  i.i I >!(  I  Int-  |ti 

I '(  I  r  ft  M.t;:<  I 'I  I  •  hill- i  .Ml-inv  -ink  il.|V(  II 
I '  *  H  « ■  1 1 1 .  i ' 1 1  i  >  I  I  >1  ( 1 1;  t  I » I  K  (  .  1 1 1  n  M 1 V, 

'•inkin'  Si 


COM  IDI'.N  I  I  AI 


EPILOGUE 


■  ''ok;  >i\i.  (ii.ijitris  ii,i\ 4-  <lis(  iisyti  liic  .miisuhinit 

1  i  nn-  :i-„j >j -i  u  .  >|  \\  -5*  j-!  W.n  !!  i;;  ds  *.*:?.  }:::»!* 

.is  ,t  hi vioi  v  .nid  .is  ,iu  ohj»  1 1  i<  won  iii  i  .ui<  mal  naval 

I. ti  lit  v  III  is  would  IK  u  h.i\  i  !x-(  it  done  1 1  il  urir  uoi 
I  (Ml  r<t  ihvil  ,.i  I  u  I  tilt  ual  nii«lil  al  mhih  lime -pirsrni 
vimil.n  piohlrnis.  ^  ci  i In*  iiaiim  oi  ;ui\  in  pm lu  ii<  ;il 
iuluic  sulmi.u  iiic  jikI  ;iiii  tsiihm.ii  iin  npei.uinns  js 
now  so  uiitcn.iin  ih.n  ,tm  d»M  iiwimi  ol  ihrin  is 
In^hh  s|»c(  i.il.ii  i\r  in  ( hai.n  in  . 

Il  is  rv  idem  ill. ii  i (i is  Kiiiinic  mi  ,miisnl»ui;n  im- 
u:«i  lull  li;is  lit  t  ii  t  will  i.dlv  liislmit.il  in  ii.Hiuc.  Il 

II. ls  It  I, lilt  (I  Unis  .111(1  1 1  1 1  t-s  lloili  C\p(  I  ir|l<  C  ml- 

iri  lt  d  ill  I  lie  h  w  .11  V  pi  in)  |o  \  |  I  )av  . 1 11(1  dc\  (It  iped 
ihcnl  it'-  lo  cxpl.i  ill  .Hid  i  1 1 1 1  r  | )  l  c  *  I  lilt  in.  1 1  s  h;isis  is 
I  hi  i  elm  i  ,i  (hi.d  one.  i  In*  t  hut  at  tri  »sj  j{  s  iii  id  lac  5  irs  o! 
i Ik-  (.Ciiii. in  1  boat  on  (In-  mic  hand,  and  iliost-  o! 
Mix  (I  .iiilisiihin.il  iiKii  all  on  i  he  ml  it  i .  I  lad  i  lie  (  on 
l<  slants  1 c | i II ci t  in  ones,  ihe  touivtol  the  wai 
would  haw  I •« «  •  *  I • « it  d  t  orn-spniidiiiyi'. 

I  Ik  on  islanding  rlui  .n,  n  i  isi  i(  s  i  \  pit .  1 1  r  <1  » In  ( »ei  - 

III. il)  I  ho.ll  I J 1J  1 1«»  In  Mil  iiiosl  <>|  \\  n|  Id  \\  .11  II  Ut  It 

I  I'lal  II I  1 1  i  I  I  K  j  II  >|  Il  V  t.)|  sill  |  a  (  »  d  Opel  .1 1  IOI 1 .  I  111  1 1  ol 

hlisi'i  I  .k  fit  s  writ  pndii.thtl  on  i!n-  nst-  ol  v  hud 
<l(  n. i  limi  and  na<  \ 1 1 M,;  < • » i  1 1  it  -un  I  n  •  with  In  ; It  spt  i  tl 
and  in. iin  n  \  t  i .  <  h  i  i  1 1  (  i  n  v  in**  \\  a-,  it  •  •  m  t«  1 1  in  on  i  v  1 1< 
t  ifli  I  ;m  in  lo  •  -.i  ,i|ii  i!i  lirlii.ii  a;  ni.n  L  i  lit  I  nm 

W«>||  j  Ml  I  •  ■  I*  )•  Mini  .(';,!  ill  >1  \ullll  \  I  i .  1 1 1 1  I  (  (Olivo's 

wt  o  1 1 1  o  at  u  i  i‘.i  n  •  *f  1 1 1«  ii  *  nipli.n  t  ■  on  <  ooi  tl  1 1 1 . 1 1  ion 
I  Ik  ii  i  oii-.v  t  f  1 1  <  in  inavv  i « 1 1 1 1 .  i  1 1 . 1 1  f  1 1  pmvidrd  iin 
pon,, mi  i  ii  h  m  jjiat  Ion  |«»  |  h<  \  1 1  k  a.  i  ik  I  l  Inn  wtakinsv 
in  i  ad. 1 1  dt  n  *  I  ion  n  i  holt nii  s  "a\V  I  lit  \  iii>  a  n  II in- • 
tdv  i  h  I  r;i -  .i*. mi -I  thi  nilaitil  l  I  >«  >.i  i 

<  >n  i  la*  \  | !  n  '  -K  I*  -  lit;  ownnlinv.  uiij  .i  n  (:jnt .  til 
in. mil. linin':  N i n  lit  \d.miit  mmiwvs  lo  I’m  i lain  did 
ifitMt  ill. m  aiivilnii"  ih.t  io  d«'i<  1 1 1 ii i k  ilit  ♦•ciK  ial. 
I  <  tin  st  njllit  III!  hn  hi  ii. i »  UK  W\»l.  i  his  was  I  In.  1 1  nl  i  Vil 
hatih-."1..  il  h  a  en.-.i t  \  at  i(  I  v  nl  d»w  i  sjonai  v  I <n  ;tvs  and 
sl.ii  ini>||K  s  sf  n<  ,nl  ii\i  i  (Ik  iv  1 1  i.i  i  i  idt  i  ol  llit  o<tai|v. 
In  iii  lit  ai  rhc  I  l*t  Ml*  dun  p  wl-'.c  r\ 

plmii  dfit  i  i.ht.  I  nl1.  «  spt  i  iallv  I  is  i  ad  io  dii  tt  t  ion  In  id 
ill!’  push  it  Hi  t  •» » i  man  and  t  *  I  •  t  live  tut  ol  » .it  Lit  hoi  h 
sin  hit  t  and  .ni  hoi  n«  . 

I  Ik  pitiMH.'  ‘/.mild  ik»  tlouhl  lit  ddhirnt  in  am 
Innm  Uni.  Ini  mam  iinpui  lam  t  haunts  urn*  In 
pi  ii*;  it an  1 1 1 1 1  i  i  ii4  i  In  r  loviii*;  pi  iii  ic  I  ol  Win  Id  War  II. 

I  Ik  K  ik  nd  an  rlir  nn>si  ohv  ioin  1 1  «•  f  i<  lit  ion  ol  w  hat 
n, av  hi  i  :<ji! « i*  d  in  iin-  iiiinn  . 

Slid  ‘lit  dr  h  .il  ol  tin  1’  hoa Is  in  tht-  suminri  ol 


IIM.i.  iiic  ( .t*nii  am  mil  i  a  led  an  t  \  Irtish  r  pi  ograni  oi 
S  I’MMI  l  h  ,l!lt!  dl  VI  iopnirli  i  Oil  iiit  ill* ids  of  I  1)0,11  \\  ill 
laic,  I  he  I n id i -si i 1  Mini  “t  (I  speed  *ubtiKii  iiic  was  pjob- 
ahlv  lllr  1 1  ins  I  s|  i  ik  injL*  I  evil  i  l .  I  he  u  1 1 1  ilia  ‘r  object  i  v  r 
was  a  -snliinai  iiic  wiili  iinhiiic  ptopuhion.  huiniiiL! 

I  ut!  oil  with  li\di‘o“cn  perns  idr  as  an  ow  oeu  souitc 
;thc  U'a.lici  mi  (line).  I  his  was  to  hr  ihr  1  vpt-  WVl 
I '  hoat  w  ii  h  a  maxi  mm  n  su  Inner •j»rt !  speed  ol  !ia  knots 
hn-  h  ho  ills  Mislead  oi  «S  knots  I  or  I  horn  like  (he  stand' 
a  i  d  i  \  pc  ol  (  hoa  I .  I  lie  I  <n  tic  a  I  value  ol  mm  Ii  a  speed 

10  .mat  kiin»  (on\o\s  and  in  avoiding  search  and 
i  oiiiiiri  at  tat  k  w  ouhl  oln  ionslv  !>e\ei\  considerable, 
Ahinnimli  the  hasjhihtv  oi  Walici  turhine  propid 
sion  had  aheadv  been  demons! i ated  at  that  lime,  im 
I  \  pr  \\\  I  1  Ijo.tis  weir  ever  buiil  hetatlse  ol  pto- 
dm  lion  dillif  nil  ies.'1  Several  sinallci  boats.  Type 
XVII.  wen-  hiiift.  however,  lor  evpctinieni.il  pm 
poses,  and  trials  weir  in  plotless  l>v  \  Is  l)a\. 

i  ess  sperta rniai  liian  i he  mi  bine  di  i\ e  1’  boat  was 
'he  liij»h  speed  elct  I)  i(  <)|  ive  I  vpe  \\I.  I  liev  weic 

1 1  »l*I  W  \  si  u  aruliiK  (I  hoa  is  uilli  poweiinf  clr-c  1 1  i<  mo- 
io»s  and  lii“h  i Mpat  ii '  I  i.ntei  its.  I  he  i  esn  II  inj>  i  a  pa 


hi!  hie 


TT' 


cd  oj  }.’)  In  knots  snhmei^ed  ior 


.»  hi  K'l  pfriod.  anti  ol  It)  knots  siilnm  i^ed  In)  about 
1 1 1  hoiiis  I  I •» ).: i  r  i u"i  .1  *  m  I  if/h  w  as  t  oik  t  ill  i  ated  oi  i 
•hi  I  v  pc  \\l  dining  I'll  I  and  i  onsitlei  able  inmi 
l;«isol  1 1  ici  1 1  ■  w  t ! « ■  lyt  ad  v  losl.hl  opeialions  in  W ;  t  s 
l‘)|  ».  \o  war  pa  Ci  o|\‘  Ii  id  .'ir  t  ii.ij.lv  been  made,  how 


evrl.  \ 

I  »‘)l  1 1  tilrhest  ivpes  WKIC.  ol  <  om  -C.  to  he  [  Hit  d  with 
St  1 1  ik, a  i  Ik  I.  -w  I  in  Ik!.sIm')ii  Id  a  ho  hr  <  la.ssi  (its  |  ;iv  a  post 
M)  I.I  in  no  v  .ii  inn.,  I  lie  idea  was  ik  >i  a,  new  one.  In  u  ns 
w  i< It  spn  .i 1 1  i nl iot hit  lion  in  the  smmi it  i  o|  l!J  I  1  (has- 
t  k  i.i  1 1  v  (  I  i.i  i  ,i“<  tl  1 1  it  ( oinph  \  ion  ol  t  hr  a  in  huhmariiK  ■ 
wu/r,  as  w.is  pointed  tin!  m  jm<  vitnis  iIimusmoii. 
S(  I  mot « I  id  imisi  triiainlv  he  leikoiied  with,  in 
i  si iinai  me  Inline  im  nd*.  and  Inline  St :h mu ( lu  ls. 
rtp tipped  w  ii  h  mda(  t  amoull.i“( ,  mav  Im-  rs  pet  led  to 
.  x.  t>  ('Sir;  !J*,  e  than  I  lime  \vhi<  Ii  the  (ieMiiaii.s 


Used. 

Sitiiiifn.ini  thainc  welt  hi  ini;  inade.il  the  end  ol 
W  oi  It  I  \\  .i »  II  not  oidv  in  si  i  hin.ii  i  nr  design,  hut  also 
in  we.iptiuv  hn  <u I uu.ii  me  use.  I  hr  at  mist  it  nu’pcdo 
tljvt  ussrd  ni  ( 'hup  I  el  I  *»  e  tin  i  1 1*  **»  I  I.i  mi  I  i.i  i  rs.implc. 


I  ti*  lo  i  !i  ,»-*t.  i)  . ««  in  m*|i  :  (  •  |  ii  1 1  ri}  t\  .is  !  v  |  x -|  i  s.i  \ iii  |  ii  i  nl  ik  ,• 
•M"!  Tot  MU|(»»iO  <«!  tin  oi|,j,|\  n.r  u*i  il  ilir  (.roii.ni  \n 
I  'Mir  f-»|n-tl,iUv  III  ’|lir  \  I ><>;■(! >  | im*:;i .» in . 
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Imi  thrle  wen*  other  development*  a*  will.  I.uiii;- 
i;ini*i  :i lie  1  lotpcdors  writ.*  intrndm  ed  for  use 

against  miums,  considerabk  in<  rrasinj*  the  ptoha 
biiiiy  oi  hit.  ioi tuuatt -l\  lev  1’  boats  had  npporiu 
nil it^  to  Inv  tlum.  I  he  Inyolette  lotprdn.  with  the 
Wallet  l  tit  hi  nr  propulsion  .nixing  h>n^  and 

hij*h  speed,  was  dex eloped  hut  not  put  into  oprta 
l  ional  i iv.  Siti  It  weapons  max  hr  expec  led  to  iiu  )  ease 
l lie  poirnii.il  Wh  i  tixeu,  ss  ol  siilnuai  incs  in  the 
lullin'. 

On  fhr  Allied  side  c;nd*ul  wai  dc\  eldpineills  wile 
most  l\  o|  i  In  nature  of  itnprox  emrn's  to  exist  mg  t  ra  I  \ 
and  weapons,  since  ibex  weir  opetaiinj*  with  good 
mu  f»  ss.  \t  w  tvpes  of  sou.u  ha  imptoxid  dit«viioit 
and  aitatk  weir  under  <  oiisidei  at  ion.  in  panic  ulai 
m  aiming  sonai  wliith  gave  an  nisi. cutaneous  plan 
position  inditaioi  plot  o!  target  position.  Moteellet* 
tkc  attack  Weapons  w<-tc  undet  devi  lopnient.  and 
l  lie  i  ei  ml  lx  inltodtn  eel  Scpiiil  ga\  e  e\  idem  e  ol  li,i\ 
ni”  a  pi  ohahilit  \  v»i  sure  ess  in  at  lac  k.s  about  ten  t  it  lies 
that  ol  mdinaiN  depth  chains. 

(attain  tuorr  gciiri.d  ilr'M-inpimiiiN  uni  also  nil 
doiiiiledlN  h.}\e  pt  oloiind  ellec  Is  on  liilllli  antisith 
tii.it  i  tie  u  at  lair,  just  as  sonai .  1  a  dm  .  and  {In  a  in  1  a  1 1 
ptolouudk  affected  it  dill  ini'  W  ot  Id  W  ill  II.  Xtumii 
e\plosi\es  and  pouei  utilizing  Um  leal  eiieig\  ir»tiie 
jin  niedi.it  eh.  to  in  it  id  as  ilie  most  1  e\ ul  11 1  ion.it  \  of  1  <■' 
(<nl  in  trod  ii<  1  ions  It  j-.  impossible  in  esiinnh  tlu 
ellei  Is  ol  sin  h  { li;\  (..  h  »pl  1  m  ills  in  *Xx  .  all  that  t.‘m  he 
done  i>  to  poitlt  out  that  1  hex  at e  ! i keh  to  he  <  oin idc  r- 
ahle.  S<  iiin.W  lull  less  si  1  ikilU*.  Inil  ak«»  ol  I'lr.il  I  ti  1 
poll  (in  e,  .IK  tile.  \  (  l\  (All  I  Isi  v  (•  d.  t  I'fopm'i. iris  o|  . 
guided  missiles.  I  1 1  *111  n*:»  loipreloes  hi. is  In  con 
‘  idi  1 1  (.1  as  .1  ‘p.  1 1  fit  u la  1  <  lass  u|  <  apot  is  n|  1  h is  1  x  pe 

\Vli,il  *  I  In  11,.  ate  min  (uiii  hide  1 1 1 . 1 1  dll  1 1 1 1  ill  e  ol. 
siihm.it  iiir  .oid  ant  r  nhuiai  im  •  »p«  1  at  i«m.s  will  be 
Ida  .  Si  him  (.1  unJiMop  is  iii  01  di  I  <m  ii  t  Inn  if;  1 1  we  1  e< 
uglii/.e  lh.lt  il  <  an  oidv  he. a  \\  ildk  spin  ulat  |  \  e  0111  . 

I  lie  w.mlr  stall  o|  u.cx.d  Xs.lll.'Ue  ill  die  lillliie  is 
u in  <  1  lain,  hut  i.i,  uti  sun  k  he  .wired  that  1  oiiliol  « *1 
tin  sea.  int  1 1  (ding  the  dt  pi  I  is  In. math  l  he  xm  lace  and 
the  ,t.j i?t(  e  ahoxe  it.  is  oi  piiinr  milhaix  inipotlame. 
.iikI  sin  h  t  on  1 1  o|  n.»a \  t  iglil  |\  hr  t  oiisidei  ed  ,  1  s  tin  oh 
jet  I  ive  ol  Max  a  I  |  mwei .  I  low  sin  h  (  on.  1 1  ol  max  b*  hi 
accomplished  is  a  cpiestion  lot  luime  anaksis  and 
planum**  to  dr*  id*-.  I  he  genera!  mean*.  available  ;m 
u.r. al  (tall  and  missiles:  lot  modern  u.nlare.  no 
h linnet  a  mallet  d  petsoual  (oinh.ii.  k  based  on  die 
missile,  the  rne.in%ol  implant iuj»  a  drsit  in  five  ageui 
in  iheeiieitiv  s  midst  horn  loin*  lange.  Naval  ctalt 


ships,  aitualt,  and  submarines  ate  I mulamenialh 
missile  t  an  iei  s  whose  aim  is  10  Saiiin  h  missiles  so  that 
t hex  .eat  It  the  proper  place. 

I  lie  t  hai  at  let  ist  ic  s  ol  cat  It  t \  pc  ol  1 1  all  are  deter 
milled  in  pat  t  hx  tin  iccjuitc  incuts  ol  the  missile 
xxliit  h  ii  l.imu  hes.  In  pat  i.  howexei .  tltex  are  intrinsic 
speed,  eii.lmaiue,  ami  ntaneiiverahi  I  it  v.  Uelatiu* 
ease  ol  detealini;  the  cnenix  and  heint;  detected  hx 
him  ate  a  'so  ol  «*i  eat  important  r. 

In  the  past  suhtuarim-s  li.ixi  hern  huilt  around  tile 
(olj)edo  a-,  missile.  Iinpt  oveinetits  ill  lotpedo  desii»n 
and  1  he  possible  inimdm  I  ion  oi  suhniat  me- la  11  nc  lied 
tic  led  missiles  max  Mjpiiln  .mtk  .diet  its  role  in  the 
luime.  1  he  y.ieiH  inti  insif  adxaiHMj;e  o{  the  suh 
matine  its  im  ixihiliix.  in  xxltiih  it  still  c:\ceecisall 
oil  let  ixpes  ol  <  1  a  1 1 .  M  ea  ns  lot  1  >\  etc  0111  ini*  t  Ids  im  isi 
hililx  ate  like  lx  to  jemaiii  the  diicl  toiicetn  ol  ami- 
suhmatine  uicasiiics.  I  licit  detailed  naiiuc  must, 
JmweVc  1 .  he  dele  t  mi  1  ted  in  let  ins  ol  the  use  to  which 
sulmiat  ines  ,1.0  pm  and  ol  the  l\pr  ol  snhmatines 
invoked. 

\  s.il isi.li  lol  \  cnI  inline  ol  ilir  most  piohahle  enetUV 
use  ol  suhni.ii  iues  ran  hiudk  he  made  xxidn'nii  hist 
(.!<'■<  id  ins  on  1  In*  “met  a  I  i.k  i  n  a. I  and  mi  atejpc  a  I  sjt  11  a 
lion  \x)ti‘«lr  ts  It  l  e  I  x  !  1  *  exist.' ’We  sliould  litAI  detet 
mine  ixho  udl  In-  hi'lnim;  xxltoin.  \\hal  leases  and 
lac  iiil  ies  <  ,n  It  will  liaxc  .  udr.it  supph  lines  01  otliei 
»»hj(-(  lixes  .lie  open  ln.euemx  s'  1  Imi.})  i  nr  at  ta<  k  .  Set 
I  iiu;  up  sin  1 1  ,1  c  oiiipleh;  plohlf  til  Is.  hotxeu  i*.  he  \  01  id 
the  scope,  i.|  ihk  disc  ussii in.  hni  ue  ran  still  make 
Une  po  ( I  ii  1  ions  in  1**1  ih  1  .d  ha  ms. 

In  1  lie  Iii  •  I  place  il  i  •  i<  asoiia.hle  to  t  \p<  c  1  i  ha  I  Mih 
mat  im  tv<  l  ir  xxliii  h  piox  1  d  hr  In  hiehlx  i  dec  t,i\e  in 
ANoild  Wat  II  vs  1 1 1  he  nied  amiin  in  the  luime.  In 
pailaiil.il  the  Use  ol  stilmlafines  to  .1  M  :i\  k  n  ie)  <  1 1,1 11 1 
shippin)'  is  likelx  to  In  tepealed  hx  out  enemies  so 
loin.1,  as  fair  stt.ihvp  is  di  pendent  'op  Mh  Ii  ships.  In 
..a  fix  1 1 J  r  1  j  *  *  I  x\  1 1 1  the.  is  llkek  lo  he  tin  case,  since  Xxv 
ill  1  im  shiji.s  lo  suj.'pk  laisc  s  outside  iJte  concinental 

I  nihil  Stales  and  lo  impoit  ueces^aix  mahiiah  oj 
v.  at .  (  >tik  il  l  lie  (in  inx  e.xjtec  led  lo  x\  in  sii<  h  a  t  a  pi  cl 
and  mishiti"  xiclorx  as  lo  make  desl t  in  t ion  n|  mil 
sJiippini;  m  1  ill  (  ess.  11  \  would  lie  In  -  c,  \ pv  t  led  lo  ii;liote 
tin  iinji-at  !.iik  <  ol  a  NCihui.n  iiu  •aiupai^ii  against 
nieicliant  ships. 

I  lu  dex  c  lop  1  iici  its  oi  t  In  last  pc  line!  o!  Wot  Id  \  \  a  1 

II  siippon  this  |2ofni  f_d  x  ic-w.  The  new  tvpes  ol  ( ir? 
man  l '-boats  which  wen-  desinned  atnl  copsli  third 
.diet  IIJl’l  weie  uitettdexl  htt  (he  same  ha^ic!  pm  pose 
as  the  eiii  liu  oJtes— to  attack  tm  tchaul  ships.  ,\o 


(,()\l  ll)l..\  I  IAI. 
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major  i halite  was  envisaged,  fail  ii  was  hoped  dial 
die  hit  reused  l'  Inmi  speed  would  restore  iheiv  i;uti- 
<al  advantage  ami  | u*i  mil  them  in  resume  elleciive 
attacks  against  ioii\ou,  run  when  opeiuimg  sub¬ 
merged  in  gain  1) !>«!«  ;»hi  salt. 

Ilie  use  ol  Mibmiitinrs  In)  am  i  shipping  opera 
lions  involves  use  n|  die  mipnln  is  da  primal  v 
weapon,  New  developments  surest.  howrvei,  dial 
diiteieni  weapons,  snrh  as  a  guided  missile  ol  she 
V-ljomh  tvne,  1 1 1 i «* 1 1 1  also  he  iaun<  lied  Imm  sidmia 
!  iurs.  ||  mu  It  a  missile  wei  e  designed  in  <  am  line  leal 
explosives,  die  desuiuiive  ponei  ol  die  weapons 
\\ll.ii  ii  even  a  i  elai  ivelv  small  Ml hinai  i lie  <  ni; id  i  a )  I  V 
would  he  iiwnv  ( hues ,<»rea( ei  i lion  dial  ol  a  haliU  ship 
or  <  airier  a  i  pi  esen  I .  W  ea  pons  i nig in  we  1 1  hr  la  n  u<  he«  I 
will)  ;t«  i  111  ;i<  \  t  on  i  pa  I  a  hie  m  dial  of  piesclll  “til  met  v 
or  bombing.  Since  die  mi  I  hii.im  in  is  an  all  hut 


invisible  ciall,  dev eiopmems  of  this  sort  might  he 

i-Muo  iiuj  h|  In.  {.*.  i {•!!{•/  •  i*.  r 

I  he  detailed  e\ .ihi.tliuit  m  die  eliet  liveltess  ol  pos- 
si i ile  type*.  ol  liume  submai  iue  opnalions  »\  bevmid 
the  si ;  ij  K'  o|  iiiis  i  lisi  iiisittii  ,ii:d  (ould  uoi  he  made 
N.»w  in  Jins  i  avr.  ll  is  hi  St.  ne<essai\  to  ilelei  mine  (lie 
hmdameiiud  eupahililies  ol  die  nail  and  missiles 
dial  mas  he  involve*!,  vvilh  all  possible  lieu  develop 
nit  nis  and  impmv emenis.  When  this  has  been  done 
die  i;u  lie  al  ev  a  I  mil  ion  tan  hr  i  mi  lei  taken. 

I I  does  appe.u  .  I'mwev  i  i  ,  dial  lulitl  e  de\  elojililems 
«ue  uoi  likelv  lo  eliminaie  die  submai  ine's  goal 
melil,  ils  lelalive  invislhdllv.  \t  die  same  lime  die 
sii  iking  powei  o!  snhmai  ini  s  is  liki  l\  to  inc reuse,  We 
mav  sale!'.  . one  hide  ihai  suhiiiaiine  and  anlisuh 
uiiii  me  w.nfan  w  ill  he  highlv  impoilani.  phases  ol 
anv  I m  in  e  nav a!  t  onfhc  i. 
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AGREEMENT  BETWEEN 
ALLIED  ASSESSMENTS  OF  A  l 'FACES  ON 
U-BOATS  AND  THE  RESL" LI  S k EVEALEI) 

,  A  1  SURRENDER 

Ar  tiik  km.  of  World  War  I  it  was  found  dial  die 
mmilicr  of  U-boats  which  had  actually  I  icon 
Mink  was  rather  lev.  than  the  iiumlier  |ire.\iiincd  Mink 
accordin';  to  the  assessment  li>t.  At  the  Mart  of  World 
War  1.1  it  was  intended  that  die  assessment  policy  in; 
a  little:  more  realistic,  and  more  convincing  evitleme 
was  demanded  to  secure  an  assessment  of  “sunk"  (A) 
or  "probably  sunk"  (B). 

'Fite  Italian  surrender  was  followed  l»y  the  puhlica- 
lion  of  a  list  of  tlte  Italian  IMmkiIs  which  did  not  re¬ 
turn  to  Irase  prior  to  the  armistice.  When  compared 
with  the  Allied  assessments  lor  attatks  thought  to 
have  been  made  tin  India;.  U- !.<»,. is  the  a^ieeiuetit 
was  escellettl.  I  here  were  72  A  ami  7  15  assessments, 
a  total  of  7«»  Italian  U-lmats  sunk  or  probably  sunk, 
whereas  the  Taranto  list  showed  SO  submarines  to  lie 
missing.  Furtherinore  intelligent  <*  had  provided  the 
names  of  ii7  of  them  before  the  armistice,  and  these 
names  all  checked. 

'File  German  surrender  provided  a  list  o|  the 
U-boats  lost  with  the  name  ol  the  tommander  and 
dateaud  jHisiutm  of  th.e  sinking.  A  tomp.nis<iii  ol  the 
A  and  15  assessments  and  the  losses  shown  in  the  Ger¬ 
man  list  follows: 

Atliwl  (oinjMio!  uiili  (■cvuiuu  * 
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1*JS 

III 

VI 

|ul\  i:u\i.,v  n 

1  IT 

Ti* 

li*i 

l*ui 

VII 

JllllC  I  1  •  \I.|V  |*» 
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l,V» 

17*1 

V|i|.  l*» 

3i»l 

1*13 

Mil 

*W3 

*  1  hivibla  4 1 c  IwhiI  hi  infiM  in.jti«rtt  at  \  F.  Oav.  Nfiilwr 

AUUxl  nor  (k'r.nan  iiitoriiiatoKi  i*  «Mii|»lc«r  lor  the  la»t  |t*-iit»k  I  kmc 
die  ltj*MUN  jjivvu  hoc  »l*»  mu  aj:»ix*  m  tlciail  *itli  iInx  j»uvnuil  in 
V.iy|>UT  S.  IuhiI  o*t  m«*tv  available  h-viijI  iu«»tiths 

laid'.  N'milhckv  iIr'  .j^icciiiciii  n(  Alluxt  aii«l  (.ctnuu  oiimaie* 
}iMito  the  overall  ateuraiv  of  the  jw'mikiid  mailr  Wuilit 

War  II. 

It  is  clear  that  the  Germans  lost  more  U-lroais  as  a 
result  ol  Allied  action  at  sea  than  the  nmiltiiiaiinii  of 


A  and  H  assessments  would  indii  ale.  This  is  to  lie  c\ 
peeled  as  losses  due  to  mines,  or  perhaps  ordinal  '. 
hazards  of  these;:,  would  not  be  known  to  die  Allies. 
In  only  one  of  die  pe  riods  did  the  total  A  and  15  assess¬ 
ments  exceed  the  losses  given  in  the  German  list,  l  ot 
this  period.  July  1‘) IO-M.u< li  l‘.tll.  there  were  7  15 
assessments  which  have  never  been  rnulinued  as  sink¬ 
ings  thotign  intelligence  has  completed  the  sum  ol 
the  sinkings  lor  tliis  particular  period.  File  pen  vill¬ 
age  ol  15  assessments  whit  It  actttallv  tonvsponded  to 
sinkings  is  prohlematital.  but  those  cases  whit  It  do 
not  represent  sinkings  are  compensate.!  lor  liv  lower 
assessments  which  actually  represented  sinkings 
though  they  were  not  <t edited  as  such. 

A  survey  ol  the  attacks  on  Japanese  U-boats  shows 
a.S  assessments  ol  A  and  till  |5  assessments',  a  total  ol 
ItHl  A  ami  15.  I  lie  indiv  idual  losses  Irom  Japauesi 
lists  add  up  to  12a.  ol  whit  li  two  were  from  mines  ami 
two  by  tiuiniiyi;  astound.  ’File  agreement  is  not  as 
good  as  with  tile  Italian  and  German  lists,  but  it 
is  still  satisla: lory,  particularly  when  the  greater 
tliiiuuhy  ol  obtaining  iutelligeiue  is  (otisidered. 

I  he  A  and  15  assessments  lor  the  losses  by  the  three 
A\is  jiowei  s  are  given  below  ami  a  signilit  ant  tliih  t  • 

t  ill  e  is  obv  ions. 


1 

11 

/  »hti 

/  »/» -t,\  / 

/ 

Italian 

-•  ..7 

7 

7!» 

Ml 

(.ftiii.m 

;•»! 

,  in 

»i*H 

iii:i 

J.fJ*slllTM 

:•> 

inn 

1  .*>• 

— 

— 

— 

*»Hl 

l's:» 

7S3 

Mb 

I  he  ratio  ol  A  to  15  assessments  is  verv  high  lot 
Italians,  inlet  mediate  lor  Gentians,  ami  low  lot  the 
Japanese,  'l  itis  relationship  would  seem  to  be  due  to 
at  least  three  main  luetors: 

1.  I  he  Italians  gave  up  easily,  smbued.  and  stn- 
i  cut  let  irl.  thus  giving  sure  prool  of  destruction, 
whereas  the  Japanese  seldom  Mil  lat  ed  when  the  game 
was  up. 

2.  Intelligence  information  was  easier  to  obtain 
from  European  sources  than  Irom  Japanese. 

.5.  Antisubmarine  lories  in  the  I’acilu  had  less  op¬ 
portunity  to  remain  in  the  vit  iniiv  to  seat  elt  lor  ev  i 
deuce  ol  destruction  hciutiscoi  utiiet  Heel  tluties. 

Hie  complete  picture  lor  "'orltl  War  1 1  allows  tile 
(onilusiou  that  the  summation  of  A  and  I!  assess¬ 
ments  for  attacks  on  A\is  U-boats  gives  a  total  whit  !i 
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is  close  in  that  nf  the  actual  looses  and  useful  for  prar-  ressfnl  and  showed  that  the  validity  of  run  pai  titular 
lica!  [>urjK)M.-s.  Attempts  to  correlate  B  attacks  with  li  assessment  as  evidence  of  'he  destruction  of  a 
the  loss  of  individual  U-boats  were  not  ahvass  sue-  U-boat  is  questionable. 
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Acrs,  IMroat  commanders  of  outstanding  rctouls,  credited 

‘wiili  sinking  large  amounts  ot  Allied  shippiftg. 

Arofsiic  Tori*m>o.  A  ior]K(lo  which  detects  die  target  drip  **> 
means  of  soil  ml  ami  is  ci.Tiitullcd  by  this  sotind  mi  as  to  steer 
towards  the  ship  aiul  eventually  hit  it. 

\hmimvitv.  T»*-  heath  piar  lets  stall  ot  the  Kiilisli  Navy.  Also 
.js.ctl  in  the  Millie  sense  lot  (in man  Navy  a>  Ociman  Ad¬ 
miralty.”  . 

AmAn -Thrown.  <  A)  \Yg»|mni;  an  anlisuhniaiine  weaj*m  used 
|>v  stu lace  craft  which  is  projected  ahead  of  the  drip.  usually 
lo  a  distance  of  alKHit  300  yd:  <R)  attack:  an  attack  employing 
.«:!  ahead- thrown  fccajH»M. 

Aiming  F.^kors.  Knots  in  airciaft  attack  uiisittg  from  inac¬ 
curacies  in  dropping  IniimIis*  oi  bring  lockets.  i.c\.  ctiois  in 
aiming  the  wea|mn. 

A.N.l).  Admiralty  Net  Defense*:  a  net  sus|kim1oI  along  the 
side's  of  a  ship  to  catch  toi|K.*docv 

Awroac.ii  Kkkuk.  Knor  in  suilatecialt  antisiihiiiaiine  attack 
which  would  cNist  without  submarine  evasion.  Ve  Anvck 
Kkuok  and  I.v.vmon  Kkkor. 

An  UM’iim  \Ri\t:  Anvck  lM.mii  it  |AV\P|.  An  elect  tonic  device 
lor  plotting  |Hisitiot)s  ol  own  ship  and  Mil nna tine  dining 
attack.  .Nouar  echoes  are  plot  led  automatically  »n  a  huge 
cathode-ray  tulic  ol  long  |*eisisteme. 

Am  1st  HM ARiM  Mur.  Any  naval  ship  umi!  lot  attacking  suh* 
marines.  i.c..  destioyeis^  destu*vc*r  ocoits.  Irigaics.  slou|»s. 
corvettes,  trawlers,  patiol  cl  all  (PCI.  suh  cIumti'  {'*(•!.  suitably 
ecjnipjccd  mincswcc-jHMs.  etc. 

AnDi.vI.vm.  Anti-Mihinaiinc  Development  Detachment.  At¬ 
lantic  Fleet;  an  organisation  set  up  to  um  and  develop  anti¬ 
submarine  equipment  and  taciits  loi  its  use. 

Asnir.  Hritish  a  ho- ranging  stmml  giyi.  apii  valent  to  l  idled 
Stales  sonar.  Name  is  del  ived  liom  Anti-Mihuiatine  Detection 
Internal  Committee,  who  It  pioneered  the  slcvelopiiieut  ol 
such  equipment. 

ASCi  iRvoar).  ‘  l  nited  Mates  Navy  aiiUuiie  S-lcand  iH>-cm‘) 
search  radar,  iultoduccd  eaily  in  11D3. 

Assi.vsmi.m,  An  estimate  ol  the  damage  done  lo  a  l  *l>*»ut  re¬ 
sulting  I  tout  an  attack  by  an  antiMihinaituc  Halt,  This  csti- 
mate  is  made  hy  a  sjtecial  tominiuec  on  the  basis  of  all 
available  evidence.  Assessments  range  limit  “A  t  -l*>  »t 
known  to  lie  sunk,  to  *T  -  attack  not  on  a  l. -boat. 

ANY.  Air-io-siii lace-v^M.1  radar.  that  is.  aiilxtnre  radar  (or 
searching  for  suifacc  ship  targets. 

ANWORCi.  Aiui-Nuhiiuiine  Warfare  Operations  Research 
(iiiiiiji.  A  gi oup  c»f  civilian  sc icn lists  attached  to  Icnth  Fleet 
llcu«l<|uailci>.  letter  known  as  ORt'»  when  Uuusfencd  to 
COM l N Cl l  I leadtpia i tei s. 

An  vc  K.  Release  ol  un»*  or  muic  weajmns  against  a  L-lnm:  in 
a  barrage  or  slick.  Several  attacks  made  in  micccuuou  on  the 
same  T-Umi  (i.c..  within  a  few  houis  of  each  other')  ate  lulled 
an  incident,  hut  the  lei m  attack  is  sometimes  used  louscly  a* 
sv  i  ion  vinous  with  "incident/* 


Anvck  FIkror.  Distance  lielwecn  mean  point  ol  «*\p|“dcm  «,< 
weapons  and  center  of  submarine.  Si  r  Aiminc.  Kkkor.  1a  \mh\ 
Kkrok.  Amui.vt  it  Lkkor. 

Aii.vck  Ti  vi.uik.  -A- mechanical  device  tor  simulating  the  con¬ 
ditions  of  a  surface  uaft  attack  cm  a  Milmi;i::::c.  used  pit- 
iiianly  lor  naming  |  >ci  sound  on  shnic. 

A  VC.  Automatic  volume  coutiol  in  an  edext  ionic  ainplilit  i. 

It vi.wct i>  F'orc  i .  A  lortc  capable  of  an  cipially  ellective  ol 
tensive  at  all  time's,  in  panic  ular.  Inith  day  and  night. 

It vRK.vc.1..  A  uuiuIhm  i»|  depth  chaises  or  M>ntatl  dunces  u- 
! eased  as  a  group  in  a  surface  craft  attack. 

ltDl.  Hearing  deviation  indicator.  a  moditif  ation  to  standard 
sonar  gear  giving  mote  accrual*.’  hearings  hy  u>e  of  lolie 
comparison. 

ItmiK.  A  midget  submarine  with  new  of  one,  developed  hy  the 
(.cr  ilia  ns  and  used  chu  iug  DU  I- 

Itt  iNu  l  iMi.  The  time  horn  loss  of  contact  with  the  submaiinc 
(oi  leleasc ol  wc.ijxms)  until  wca|H>ns  reach  l '-boat  depth. 

ltoKkt  m.  A  Ce* man  radar  search  receiver  of  crystal  delator 
tv|>e  covering  the  7.V  lo.SlKLcm  hand. 

Ukvwmm.  Sum.  \  (oijkaIo  shot  tiled  into  a  convoy  without 
U  ing  aimed  at  any  paiticulai  ship. 

(Avtot n.vc.t  iRvuvk).  Am  device  for  reducing  the  range  at 
which  an  object  can  he  detected  try  radar,  lot  esample.  non- 
relict  ting  coatings  lor  r  timing  echoes. 

(..\\1  Mill's.  Men  ham  strips  lined  with  catapults  lm  launching 
airoatt. 

Cvi  \t  r\  v  [A  (*.[.  I  vvic.-eugined  seaplane  mi  amphibian)  built 
hv  Consolidated  Aim. dt.  I  oug  range,  bid  slow,  with  mod* 
cialc  ImmiiI*  load. 

l.L\"  A  Aiivtk.  An  aimal  i  attack  on  a  suhmariue  in  vs  I r i c  1 1 
l>omt»s  arcdiop|H'd  not  more  than  l'»  see  alter  the  sutmiaiiue 
Mihinerges. 

C.c*\si.vi.  Covtvi  v\t».  1  he  branch  of  the  Hritish  Royal  Air  l  one 

resjMiusible  tor  tKeaii  patiol  and  attacks  on  naval  targets. 

Comm.vmh  u  You  vir.  The  Ickus  ot  pc*ints  uIhhii  an  e\pl«Kliug 
charge  or  IrmiiIi  (or  alK>ut  its  t  raja  lory)  that  have  the'  prop- 
eitv  that  a  submarine  with  center  at  any  ol  the  |>oiut\  will  he 
sunk. 

(lovt.vicMMiki  M»r  C.oNvm).  A  senior  naval  olluet  tor  occasion¬ 
ally  merchant  captain)  responsible  tor  the  navigation,  signal- 
ling,  and  other  such  a*  riviiies  oi  the  enliven.  I  he  escort  com- 
nuiiilci.  on  the  other  hand,  is  ics|>ousiblc  lor  its  defense 
against  the  enemy  and  Iras  ultimate  authority. 

Cnvr.vc.T.  Au  insiance  ot  detection  <»l  an  enemy  urn:.  For  cv 
ample,  when  a  C-inxil  sights  a  convoy  it  is  a  contact  on  a  con¬ 
voy.  as  when  an  aimali  receives  a  radar  blip  from  a  stih- 
tnutiue.  it  is  a  contact  on  a  submarine. 

Com  act  Fi’/i.  A  device  in  a  Ixmih.  rocket,  or  other  projectile 
lor  causing  it  tocNpludeou  bitting  the  target. 
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Convoy.  A  j;rutip  of  merchant  shijrs  sailing  iori^it.  usually 
defended  hv  naval  arthig  asuCsonis. 

Cocwmx.vm*  An  \ck  ok  Ixodkxt.  An  .iitack  or  mciclcut  in 
wind:  ifto  or  mure  assd'3ircm!i  (cir  !^:h  .ship*  u;u!  a;; 
craft)  lake  pail.  >«>'  Anvu  and  Those  involvin'.* 

IkhIi  ships  and  aimati  aic  sometime*  termed  joint  attacks  tor 
in<:t«U*n  r*V 

Cokvm K.  A  small  anlisiihinaiiiic  ship,  usually  caj»ab!coiily  of 
rather  slow  sj wed. 

COTCl.wr.  Commander  OjK'raiioual  Framing  Command. 
Atlantic  Fleet,  in  (liaigco!  iraiium*  lor  the  Atlantic  Fleet. 

CoiMi  kai  t  M  k.  All  attack  on  a  submarine  which  has  attacked 
friend  U  ships  m  isihic.rieitiiig  to  do  so. 

Coimipmi  vsi  ki  .  Any  action  or  device  «lc*igucd  toiechuethe 
cllci livcnessol  sonic  enemy  action  or  device.  Tactical  conn- 
tumea'Mies  involve  changes  in  tactics  «n  o|K*iatioual  proce¬ 
dures.  Maniial  countermeasures  involve  new  coni  pun  in. 
These  lei kis  ate  ikxI  most  Impieutly  with  u>jnxi  to  iad.tr 
and  homiti"  ioiihnIoo. 

(.NO.  Chict  of  Naval  ions— the  naval  ottucr  land  sule 

ordinate  stall)  hi  chaise  ol  the  l’..Y  Naw  Dc|*ailmc:it. 

(*m  l  i'l\c.  An  v<  k.  A  cooicHiialc  attack  liv  surface  cratt  jiiuol 
at  suipiisiug  the  stihtiuiinc.  An  "assisting  ship**  maintains 
oouis  i!ic.  ship.  nutdi  jme 

teeds  at  slow  cpu'cl  speed  over  the*  submarine  without  echo 
ratlin  ••and  dtops  charge*. 

Ct  ti  v  1  v.  Antenna  Used  w  ith  the  (.etiuau  I  unis  scutch  icccivci 
lor  Ndiaud  icccption,  nude  tip  of  dipole  am!  paulxdu  ic- 
Hector. 

(a  ki.y.  A  loijwdo  which  fo'llows  a  /ig/ag  couise. 

i»u.  Dccilwl,  A  unit  o|  sound, iiklctisitv.  Ve  uiiv  tcxtliook  ol 
general  physics  ot  acoustics. 

D-D.vv.  Day  n*  invasion  «»!  No'itutidv  June •».  I!>SI. 

DfcXsli  v.  Nlllidwt  ot  ohjects  |#cr  unit  area.  loi  example. 
I  *IhuI  deiisitv  might  lie c\|>unmvI  as  thy  nuiniwi  ol  l’-l*»ats 
pen  million  Mpiaie  miles  ol  invar. 

Dumu  Fivi  A  device  lot  detonating  .»  Im»i«iI><»i  other  weajmn 
at  a  preset  depth. 

Dl.MKtniK  r.scoKi  jl)Ki.  A  large  aiitisuhniaiiue  slop  •  altour 
1  .M.Ht  toast  of  taiily  high  t|kxil.  alNiut  knots. 

DF.  Radio  duet  lion  (Hiding  by  intciccpliiigrncim  tudu»  trans¬ 
missions  and  obtaining  thcii  I  wa  lings  with  ditectional  te- 
ceiveis,  thereby  estimating  the  enemy  |M»sttioii.  S*v  HHH  . 

Dikic’i  II;  i  -by  u.ijWdo*.  \  diietl  It  it  is  matte*  hy  an  armistu 
loijwdo  tin  a  ship  rising  uoisemaket  it  the  mt|wdo.  while 
steeling  toward  the  iioisciu.tket .  hits  the  ship. 

DisriKsioN  ioI  Uniilis^.  I  lie  vaiiatioit  that  would  exist  in  the 
explosion  jMiints  of  a  large  uuitdwr  of  homlis  of  a  given  tyrw 
if  they  weie  all  diopjwd  undei  the  same  conditions  <in  so  far 
as  touditioiis  tculil  lx*  controlled). 

Diwxiiu.  A  device  lot  causing  a  lowed  uoisemakci  to  tow  at 
one  side  ol  the  ships  wake  rather  than  directly  astern. 

Ki  ic.ikvsoxxi  .  (•eitiMti  code  name  lor  a  system  of  radio  I  Wa¬ 
com  used  as  navigational  aids. 


Kmchci.  A  naval  ship  or  aircraft  used  to  pmtect  a  mruhaiti 
ship  or  group  of  shipv  Antisubmarine  ships  ate  somni  n.s 
termed  escorts  even  when  engaged  in  ollensive  opvi.u. on>. 

•  Cskkok  (C.YKj.  A  sniail  aim  an  car  net  trsn.il  h  I  mill  mi 
a  merchant  vessel  hull  and  designed  to  II*.  atitisiiliniai incr 
planes.  Kscon  canids  woe  ac  tually  use  d  most  I v  in  nllrnsiw 
c»jMTatioi»s.  ends  iidioptcnlb  mi  esc  in  i  tltuies, 

Ksc.ok  r  (.oMMYMiiK.  Naval  ollicei  in  com  maud  ot  tones 
signed  for  dctriw'  of 

l.sccMcr  (imn*.  A  giotip  of  autisiihmaiitie  ships  whi:h  an* 

oiM  iatrJ  :i\  :i  mm 

hv  \s;c»\  Kkkok.  hrioi  in  autisidimai iue  atlac ks  inniMlmnl  In 
evasive  inatieuveis  on  die  pait  ol  the  snliuuuine. 

hvvsiv?  R;>i  itxi..  Routing  loavoitl  known  stdimaiiiir  positions. 

K\ut\\«.i  Rvi*  .  Ratio  ol  melt  ham  vessels  sunk  In  ‘ulmiaiiites 
lo  submarines  sunk  hy  aiiiisidniiai  iue  vessels. 

FAI .  (.ennui)  designation  tor  a  torpedo  which  urns  a  /ij*/ai; 
course,  with  nattiie  ol  a  /i^/a^  not  adjiistahlc.  Sir  ITT. 

I- until.  An  aimati  ctpiippeil  with  receivers  for  monitor in,^ 
enemy  iad.ii  ti.iiisiuissioiis. 

fin  i  Aik  Arm.  lliitislr  catiu *  :»»ul  ship- liascd  aimatt. 

hint  Aik  \\im«  7.  I  his  aii  wirrj;  was  I  rased  in  Uiiiain  until 
the  curd  ot  Wot  Id  War  II. 

fin#.*,  (.eimau  unIc  traiue  lot  Vbaud  antenna  ol  lunis(.xR, 
Vy  (*t  hv  I  v. 

1-i  irTi.oe  C.ox iKoi .  Rudder  control  for  a  homing  weapon 
which  tan  he  only  in  central  jiosmnn  ot  haul  over  port  or 
siatlMiaid. 

fi  vixe.  Font  Kiss.  A  lour-eu^ine  Ihwin*;  homhet  used  to  a  small 
extern  for  aiitisulimaitiie  patml. 

loiMivv  t  r  oil  coutactsi.  I'.tlcnt  to  »ain  contact  with  a  suh* 
mat inc  whose  position  was  accurately  known  at  an  eailiei 
time  hv  vintic  ul  a-pievioiis  contact. 

foe  kiii  In  1 1.  Cniled  Mates  naval  forces  which  were  based  in 
the  .Mftuth  Atlantic;  a  subdivision  ol  the  Atlantic  Fleet. 

Finnic  lb  ni'h  ic»wed  uoi  sen  taker  «*eat  for  decoying  (.enn.m 
acou'l:i:i*r|wdoes.  consist  in**  of  two  pat  a  del  liar  uoisemaket  s 
aiiii  diverteis.  Neat  the  end  of  the  warT'xt  <  m.  a  single 
noisetuaker.  was  employ  eel.  See  F\R. 

Fkm.vii:.  A  lar^e  Uritish  aiitisubiuatiue  ship  mIhuu  ton*.) 
nt  lon^endurame  but  moderate  speed,  la-  US  knots. 

f\R.  l  ulled  States  single  timed  uoisemaket  of  parallel  bat 
type  Foxmy. 

(•vxivii.  An  aimati  search  lot  loltow-up  of  contacts  in  which 
the  aimati  leaves  the  most  piobabp*  initial  sitbmatinc  [K»si- 
ti'*!!  and  !!:ex  a:  some  distance  from  it  bn  some  time,  in  the 
ho|w  that  the  sitlnuaiiue  will  lelrivu  to  the  sutface  when*  it 
tan  Iw sighted  when  the  aiiualt  relit; ns  to  the  area. 

Mm-oc.r \x.  lire  mid -ocean  a»ea  vvhich  coirld  not  he 
patrolled  by  !aud-!m>cd  aircraft. 

(o.mt-K  Komh.  (.erutan  radio-controlled  glider  Inmib  which  is 
Xuidcxl  n»tati;et  hy  parent  aiieiaf:. 
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G nat.  Ccriii.ai i  Navy  acoustic  torpedo  which  homes  automati¬ 
cally  t*n  iioi.sc  from  laigci  ship. 

Gross  Toy.  .  A  measure  of  ship  si/c  Utsal  on  volume.  ’ITo  i**n- 
nage  is  the  entire,  micrtta!  cubic  cajracisy  of  the  ship  exptexsed 
in  tons  of  100  cubic  I  vet  to  the  ton.  exempt  certain  spaces  which 
arc  exempted,  such  as  j*cak  and  oihci  tanks  fur  water  ballast, 
open  forecastle  lirid^c  am!  poop.  anchor  gear,  storting  gear, 
wheel  house,  galley,  ami  cabins  for  passengers. 

GSR.  fienuan  search  receiver.  i.c..  German  radar  receiver  U»r 
delecting  transmissions  by  Allied  search  radar. 

GL\  Designation  lor  convoys  from  Mediteirancau  and  Gihtai- 
far  to  the  I'nitcd  Slates  i»t'S  for  slow  convoys.  GL*  F  lor  fast. 

Grimm  Mi.wii.ls.  A  missile  whose  couise  can  lie  adjusted  after* 
launching  for  liiing)  mi  as  to  hit  (he  target.  I  he  adjustment 
may  he  made  by  an  otieralor  in  the  lauiHhing  craft  or  may  I *• 
automatic.  Acoustic  tori >et foes aic  examples  of  the  latter  ty  |n\ 

I  l.M.ir.vx.  A  Ihiiish  foiir»iiioit»ictl  heavy  lx  mi  tier  built  by 
1 1  and  ley -Page. 

IfriM.i-lloo.  An  abeadalnos* »»  «»#-»»*»••  *»»•■  i%» 

.  •  •  *  . 

b  urage  of  - 1  contact  t  liaigo,  *.:^i;;a;nv  n« aixmt  Ju  deg  ices  oil 
the  hmv  of  the  shin. 

Him-.  IlighdlCtuiency  l)l;  fwr  !>K>.  Liet  premies  of  aixmt  10 
megacycles  are  involved. 

HG.  Designation  lot  convoys  fioiu  Gilnaltui  to  the  lniud 
Kingdom. 

Uut.n-ixiux  Ht’M.  A  scat eh  of  sufficient  intensity  to  iiisuie  tlie 
Mibmarit  c’>  being  sighted  if  it  su i fates. 

ilo.MlM..  Guiding  to  a  source  ut  signals.  A  I'-Imui  in  umtnct 

*  with  a  convoy  units  signals,  thereby  homing  other  I'-Umin  to 
the  scene.  An  acoustic  iot{*cdo  sleets  tow  aids  the  mkiikI  limn 
a  ship's  propellers.  thetehy  homitig  on  the  target. 

H,S.  High  lesolmion  tadar  «f  S  lwml  fuxpiciuv  loi  use  in 
Wind  ixmihing. 

1  Il’lisoN.  twin-engine  Lockheed  Ixmdxi. 

Him ir-Kii.uk  OriKvimw  Offensive  •»|»eiatioiis  aimed  at 
linding  and  destroying  L-Wcits.  uso.div  involving  groups  of 
surface  craft  and  sometimes  ««N»(dinjtcd  with  aiuialt. 

I IX.  Designation  lot  ton  vow  liom  ILditax  or  New  York  to 
lliitain. 

H_.X.  Iligli  icsolutioi)  tad  at  of  \-Iwim1  hccpicmy  tor  use  in 
blinct  Umtbiug. 

HvikcoftioM.  A  lecetver  ul  iiiuleiwafci  sound.  . 

Im.uh  Nt.  ,\ir  A 1 1  vek  and  G*mhu>i\  vn  l»  Ixitinxi. 

Immkici  Hit.  A  hit  made  !>v  an  acoustic  toijivdu  uiiidi  is  at- 
J  rue  led  to  the  laiget  ship  out  of  a  trajectoiy  leading  to  r 
uoiscmakcr. 

(xi  t.i  inc.i:  (l«/c  or  pistol).  A  lu/e  activates!  by  the  change  in 
earths  magi"  lie  held  due  to  the  suhinaiiiic*  presence,  which 
is  designed  to  detonate  the  charge  whenever  it  is  dtnc  enough 
to  the  stilmiatittc  to  lac  dice  live. 

K\ti  nr  1 1*:  Ri  crivi  k.  Radar  scarth  tecetver  (vr  GSR). 
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J>t’M.v.\X  Atwnuu  k.  A  noiucilcrim'*  covering  which  i\  cllec  live 
against  S-  and  X-naiw!  radars,  made  up  of  spaccsl  lauis  ol 
semiconducting  paper.  W  \Vimu  Auvmr.rH 

I.AU-K.U.  RANt.i.  U  RV l  .  .V  •_  ’of  w .'ll*  u  gives  the  piobabililv  of 
detection  of  an  object  by  a  searcher  (who  is  proceeding  on  a 
straight  couise)  as  a  function  of  distance  of  dirm  appmaih. 

Ll.ic.n  l.tutr.  ILilish  aim. ul  seauhligiu  used  tor  mgtu  attacks. 

l.niiAL.  Ari.v.  I  he  a»ea  on  the  mean  Met  face  ceuteted  alxnc 
an  exphxling  depth  Ixnuh  which  lias  the  following  piopciiv: 
In  a  Glass  A  attack  any  Mihmatinc  whose  center  lies  helmv  the 
lethal  aiea  may  hecciuMcleied  Mink,  and  no  others. 

Li.iitvi  Radiis.  T  he  lethal  melius  of  a  given  explosive  ihaigc 
Ls  the  maximum  distance  from  the  pi  even  re  hull  at  which  it 
may  lie  ex  |  we  leu  to  do  lethal  damage. 

Lira  ra i ok.  Lom-.iiototed  heavy  Windier  Imih  by  Consolidated 
Aircraft  tictpiciiilv  mcxlilietl  for  use*  in  aiilisuhtitaiiuc  jiatiol 
liecausc  of  its  long  range  am!  large  Ixnuh  load. 

Lin-  (Ijihimi)  or  a  l  -llovr.  At  any  lime  the  average  life  of 
a  t  -boat  is  the  lumdicr  of  IMxiats  at  sea  divided  bv  the  late 
at  which  i  mnkiis  are  sunk  per  month. 

Limiiinc.  ArnKovc.ii  Lists.  1  he  IhiuiuI.iia  ol  the  legion  from 
which  a  stihiiiarine  can  appoiach  a  ship  or  formation,  drawn 
relative  to  the  ship  or  formation. 

I  im:  Lrkok.  I  he  cciu»|xmciit  perpendicular  to  die  couise  of 
attacking  aiuialt  ol  the  distant c  between  center  of  sii<k  and 
center  of  submarine. 

f  iM:u.i/\rin\.  Detei iittuatioii  of  exac  t  submarine  position  bv 
sonar. 

1  «>si  Com  vc:i  iRwc.r).  Range  at  which  sonar  contact  with 
Mibmaiine  is  lost  liecacise  submarine  :s  l»eU»w  stmat  beam. 

III.  C  .enii.iu  designation  lor  a  lor|H.'do  wlticli  inns  a  preset 
zigzag  couise.  w  FAT. 

M  \G  Xiiiiw.  w  ('\\|  Mims. 

MAD.  Magnetic  anomaly  detector  pu  magnetic  aiihoim*  de* 
Uctor).  an  ait  craft  insisuineiu  loi  detecting  distortion  of  the 
eai  ih\  magnetic  field  due  m  the  piesciueol  a  suhmai  ine. 

M\\i\»t  m  Sc  nvicRi.ixc  i.  Suhmaiine  tactics  which  involve  re¬ 
maining  submerged  as  much  as  |xissiblc.  Nunnally  about  1!  to 
I  hocus  a  t|a\  mus;  he  spent  surfaced  or  at  Schnorkel  depth. 

M»  \x  Run  \t.  hkkuK.  Aveiage distance  horn  uniter  of  target  to 
tenter  of  bat  rage*. 

Mi  ion.  hails  GSR  loi  long  wavelength  radar,  introduced  in 
l!Mk\ 

Mk  H  Rviivr.  Ui  it  id)  long  wavelength  seauh  radar  used  on 
aiuialt. 

.Mk  III  Rvnxk.  Uritish  aiiixune  S-haml  seauh  radar. 

Mk  S  Dirtti  C'livkc.i  t  inted  Stales  inllueiue-fu/ed  depth 
charge. 

Mostu  iio,  Uiitish  iwimeiigiiiect  tigiuei -bomber  built  bv  De 
Havtiaiid. 

Mmst.iR.vf.  Litited  State's  ahead- tin  owe.  vu.ap.m  with  uuket 
juu{^:cic:i!  barrage  o»  S  »»»  i ti  umutet  chatges.  Lsed  in  small 
shijes. 
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Ml’I.  Mrau  point  ,.f  impact  of  a  Rrocn  of  lioinlu. 

MUOX  Morn  auicnna  for  X-liaml  reception  with  Tunis  GSR. 
MV.  Mcicliaut  vessel. 


XaXotk  (1)  Karlv  iiendircclional  GSR  ctreciise  in  S-Iuih!; 
(2)  Amplifier  used  in  Tunis  GSR. 

XM.  Xoiviii.,  kcr. 

Xoiskm Akin.  An  artificial  source  of  underwater  noise  used  in 
conceal  the  noise  inutlc  by  a  ship  or  submarine  or  to  imeifere 
with  ihc  o.x’ralion  of.  or  lo  tlrtny.  acoustic  I  lee  ill’s  sutli  as 
acoustic  torpedoes. 

Xohiii  Russian  CuMins  Omcnes  limn  Itiitaiu  aiouml  the 
north  of  Norway  to  Murmansk.  Aiil.aiiRi-L  or  other  North 
Russian  jHiits.  amt  returning  concuss. 

Oil.  Designation  uses  I  in  caile  tears  of  war  for  concuss  out¬ 
ward  lroiiutl  from  llritaiii  for  America  anil  Africa.  ' 

OnstKv.cM.  A  search  plan  nscil  In  siirlacc  craft,  consisting  of 
going  lo  jHiinl  ol  last  contact  with  sithmariuc  anil  then  steam¬ 
ing  ariiuui!  a  septate  centereil  at  that  jxiiut  with  2-mile  sides. 

OG,  Designation  for  itiuvocs  liom  llritaiii  to  Giluultar. 

ON.  Designation  lor  nineties  fiom  Itiitaiu  to  Atnciica.  Dining 
latter  [i.u L  ol  Wiuhl  War  It  ON  teas  resetced  lot  II- k nut  con¬ 
cuss,  OX.S  licing  used  lor  7-kmn. 

ORG.  Ofreraiious  Rescaitli  Group.  See  A.NWORG. 

OKS.  Operations  Kcscatili  Section.  title  ol  Rritisli  o|icialioits 
research  organi/alious.  Most  frrtpiciitlc  useil  in  ORs 
Operations  Reseatch  .Section.  Coastal  Command. 

OS.  Cum  os  designation  for  tonvocs  flout  lliitain  enmhlmiiiid . 
to  aiici  la  Leone. 

I’d koi.  Cutrr.  Small  aiitisiilimaiine  ctaft.  ttormallc  no;  user 
almul  200  feel  in  length. 

Iff.  I  lesi  "ii.it  ion  foi  ioiicocs  fioin  Itiitaiu  to  A><  hansel.  <w 
NllRllt  Rt'ssICN  OWC'liVs.) 

I'k.ci:  i  u.t:  Ail  «  Ks.  -Nimulaied  attacks  tallied  mu  either  on  the 
ailatk  leather  or  in  cNcm-cs  tsitli  a  fiicmllc  i"taine“)  >ul>- 
maiiiie. 

I'KiiMCiuc  IV/I.  A  lure  designed  to  detonate  a  liumti.  charge, 
in  piojectilc.  ci lien  within  a  certain  distance  of  the  tuigct. 
<Ve  isri  t  t  si  r  l-'tvi.i 

I*  W.  l*i  isoner  of  war. 

<.<  An.cmcii \r.  Itiitish  aiisiliaic  sound  gear  with  Iteaiu  di- 
tecn-d  below  the  main  Asdic  lieani  for  maintaining  contact 
vsilh  deep  t'-lHiais  at  slnut  laugev 

RMW.  Name  as  Mi  to\. 

Kvm.i:  Lkkoks.  Ihc-  ioni|>oucul  parallel  to  the  source  of  at¬ 
tacking  airciaft  of  the  distance  lictuivii  cenlei  of  stick  and 
tenter  of  Mitniiariiic. 

Riff— Type  2St>.  Tcpe  271.  iiritisit  surface  crall  seaich  radar. 
Tejv  -‘-’a i  hail  lised  aerials  anti  o[H-ratetl  on  long  wavelength. 
Tc|ic  271  was  S-liaml  gear  with  routing  lieatn  anil  I'Ll  ptes- 
entaiine. 


Rtaxii-llouns  Gomatt  lsimtis  used  he  aiitialt  in  tnupi.it  li.... 

with  MAD.  Rondis  ate  propelled  lutkctaids  In  nnk.-t  . . . 

su  as  to  drop  icrlitally  limn  aiinafi. 

Ri  vikbik vims.  The  imality  of  small  talsc  etliots  it.  eiced 
sotur  from  objects  in  the  mean.  iisstnl..,c  ami  the  Ik.iu.iii. 

Rucxct.  Lsetl  alone  ihc  word  implies  lot  wan  l-lti  i .  I  g  tot  kets  ot 
about  3- in.  diameter  used  liy  aiicrafi.  < s,-,-  Moi  st  nccr. 
iont|taiisoii.) 

RlAWtuiH..  Subiiieisihie  £.,sR  aciiai  used  tm  long  wavelength 
railar  reception. 

S-ileMi.  Railai  ojH-raliti"  baud  for  vtuvclcuglhs  ol  ..Ihiiii  III  mi. 

Mi  r.  .Subinaiiiic  bubble  target.  A  German  dene  used  n.  p,,>. 
ducc  false  echoes  Iiiiiii  a  cloud  of  bubbles. 

Sft.  Designation  fut  7-knol  convocs  from  Auietica  to  Itiitaiu. 

Sciinokmi..  t  -Imat  comliiualioii  air  intake  and  Diesel  eshattst. 
jicfiuitiing  o|ieiatioii  tin  Diesels  wlitu  al  peiistope  depth. 
I  mutinied  in  till  I. 

Nf.R-.'il , .  I  niteil  Males  Artuc  S-baiul  aiihonte  seauli  uiilai. 

SCR-717.  Iiupioced  cersion  of  SC.R-.'il”. 

ND  Rci.ck.  I  niteil  States  Mass  X-lianil  aiilmiuc  seatch  ladai. 

Si  c  Rmikv  I  he  tillable  of  false  radar  ec.-mf  tioni  mean 
surface. 

Si.cm  u  Kxmcik.  A  radar  icceicei  lot  iiitcitcptiug  signals 
I  tout  euc'inc  search  radar  ant!  therein  being  warned  ol  Ids 
.IppMClIl. 

Sissinciic  l'et  iik\.  |  he  sensitivity  of  an  aniiisiir  nupedu  is 
a  diagram  showing  the  laugc  anil  Irc'.ninji  at  ccliiih  a  given 
sound  soilin'  will  pimluic  a  Risen  signal  at  the  torpedo  urn- 
trol  mechanism. 

M..  f  nited  Mates  Sacs  stttlaie  Halt  S-haml  stanh  ladai  me 
RDI,  Tcpe  271,. 

Mi cLsnciNi..  A  l  -lm.il  shadowing a iimcoc  kept  iuiomait  with 
it  and  ic|K>itcd  iidomiatii.il  almm  ii  veil  hunt  a  tt  ui  k  iii.tr. 

MNkisi.  Rcit.  The  elfeitivi't'ess  ol  a  l-lmai  in  sinking  ships. 
I  he  sinking  laic  is  eipial  lo  the  I  -Ihmi's  sweep  late  times  the 
liaction  ol  ships  inntacietl  lh.it  are  sunk. 

M.  cl)  Goiicoc  designation  lor  iimcocs  (timi  Siena  l.eonc  to 
lliitain:  12,  radar  designation  lot  rutted  States  Nacc  radar 
similar  to  SG  Imt  lighter  in  weight. 

si.mif.  Large  aulisuhmaiiuc  ship  of  im«leiaie  speed,  simil.it 
tu  frigate. 

MiN.cn.  Ihc  l  niteil  States  Nacc  ieiin.  lot  tindciualcr  sound 
ccpiipment  and  its  use.  Ilrilisli  use  “Asilie”  in  similar  was. 

SOM. nine.  Kxi'Inu  eni.r  Renin.  A  small  I  nine  eapahle  ol  nans, 
mittiii”  sounds  heard  in  the  mean  to  an  olisetcer  l.c  tadio. 
L’scd  piimaiilc  lie  aiuralt. 

Mm  in:.  An  .liinafi  IIirIu. 

Vn  tti.  An  ahead-lhrowii  depth  chaise  and  a-vKialed  depth- 
dtlci mining  sound  Rear  lie  means  ol  which  the  submarine's 
actual  depth  is  automatically  set  into  the  depth  ili.iiRc  lu/e. 
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Srnp-Asmr.  A  radical  zigzag  designed  to  {icrmit  a  sliip  ;o  a;>* 
proach  a  iMww  with  minimum  danger  fiom  acousiic  10.-. 
JH-tloCS. 

Si i rn  Cl ias k.  An  ail^k  or  pnomi  course  ‘.which  overtakes  the 
target  from  its  stern. 

Stu  k.  A  niinilicr of  oi  depth  charges  diopj»cd  in  a  tow. 

Sikam.i  kk.  A  ship  which  left  a  convoy  Itccausc  unable  tu  main* 
tain  projrcr  s|>ced.  "  ■  — 

SniMMu.m  Aimkoacii  Zomt  The  area  aiotuid  a  convoy  fiom 
which  a  submarine  can  make  a  submerged  approach  to  it. 

>.;mh  ki.am».  British  lour*  unnoted  seaplane. 

St’iTl.v  LMlovr.  A  IMroat  hued  ii>  refuel  and  snpplv  other 
U-Ikj ats  without  attacking  any  ships  itsclS. 

StTfOKi  Gkot’i*  p.c..  2nd  Suppon  Gioup).  \  number  ol  anti¬ 
submarine  ships  kept  together  %  cintanentlv  a>  a  group  to 
Iititti.  LMxiai*  and  provide  extra  defense  to  comm* threatened 
hy  attack. 

’*■*'  R-Vli'.  I  he  nuiuher  ol  contacts  made  jm:i  liour  j*er  unit 
ol  target  density  hv  a  searching  trail.  It  iscxpicv»cd  in  m|u,iic 
miles  jk.*i  hour  and  is  the  measuie  of  sc-at  thing  craft  s  el  lev- 
livcness  of  covering  aiea. 

Swi  ia*  \\  liilll.  Sweep  late  divided  hv  sjKi*d  iapproxiinaielv). 

T*;».  German  acoustic  to/jirde  ,'earlic.*:  mode!*  wcic  designated 

*  T-l). 

I  i.mii  ft.ru,  l  idled  Stales  Navv  lleadtpiaiters assigned  tasks 
of  conducting  war  on  stihmaiities  and  pioteitiu.;  merchant 
shipping. 


1  v\\:s.  Diicvuuual  GSR  for  mieuepuon  ol  S*haml  and  \-hainl 
radar.  (Srr  Naxos.  Mickk.  and  fi.m.r.) 

2  u*k  X\Ii*ft  GUo.vr.  Small  c\|»ciimcntal  I’-lmats  with  oil- 
iiaOs  turbine  chive  for  submerged  njieiatinns  having  speeds 
up  to  2 1  knots. 

I>1‘»:  XXI  IMUivi.  New  tvjn;  IMkku  with  |>nwciliil  elemic 
motors,  and  extra  kitieries  | km  mining  high  suhmeiged  speed 
oj oration  tup  to  15  knots). 

Tver  XXIII  IMlovr.  Similar  to  Ivpe  XXI,  Imi  sm*llet.  In, 
touMal  o|K'ialions. 

1  '!■'  l‘-l*€l\r.  I*  l  OJ  M  *SC‘d  IKCail-goillg  rixMl  Hill,  mi . 

(line  diivc  as  ill  lyjic  XVII. 

I  vet  1 1*11  Asi.tc.  Hiiii.li  sound  near  used  I't.r  tU-iL-t miuiiii;  Mil,- 
inaiinc  depth  liming  an  ntaik. 

I \i*»  *il  Ruhr.  Iltitish  shipliotiie  IO>un  scatdt  i  ad.u. 

Am  enciiiv  stihmarincol  k'lX)  dim  o,  larger. 

I  (.,  Designation  lor  hiihiiu  hum  I'nilcd  Malts  lo  (iihialtat 
:m.|  Mediterranean;  l(,S  lot  slow  cniuoys,  l  (;|  (or  fast. 

I  -Khii/ik.  I.atge  lotigiunge  I-ImmI. 

\  1.  (.ciman  "lm//-lM>inir'oi  jcl-|>io|>cllcd  pilotless  aircraft  of 
moderate  tangc. 

\I.R  Aikihmi.  \ civ  loiig-iatigc aiuraft. 

\ i.\r  s.  An  aticnuaior  lor  im  with  aiilxiuic  railar  lo  leduvc  the 
out|>tit  as  tangc  to  flic  I  a  I  gel  is  closed,  lllcicliv  confusing  1 1 ic 
(*sR  ojiciaior. 


I  oKl'J  Im  Dam.ik  Zom:.  Aica  aiound  a  ship  oi  cunvov  tioin 
nliiti.  a  submarine  has  a  good  (Imikc  of  hitting  with  a  salvo 
of  toi|.<eiloes. 

I  ohit.v.  Recently  dcvrlo|>cd  explosive mi[k-i ioi  to  |  Vi  in  de- 
stimtivc  |Miuer. 

I  oss  IIomhino  (or  Rik.ki  11X1.).  A  IllCtllod  of  glulc-llOtnhing  tor 
rocket-filing)  in  which  wcajiousaic  released  as  flic  |>latte  pulls 
out  of  tile  “livle. 

Irvckixc.  Maintaining  toiuaci  «illi  all  Clients  unit  so  as  to 
tlelei  mine  its  comv  ami  sjhviI. 

1  K  \<;ikl\.  i  he  cut  tv  of  put  suit  folluvccvl  l*v  a  1  wavs  jiioveevlin^ 
towards  an  olijecl  v.ltidt  is  iisell  moving  with  constant  couise 
ami  >|>eec!. 

I  R.vvMt,  I  RANsir  Aki'a.  I'assa^e  of  a  suhmaiinc  from  luse  to 
ils  o|>c rating  area  is  leinied  a  transit  ami  the  aiea  lietweeii 
base  ami  the  ojieratiiig  aiea  is  the  tiausit  area. 


vs/  (.1.  l  ong  wavelength  (.SR.  an  iiii|iiovement  on  Melos. 

i.vtsis  l.r  i ii  vt  u  v .  I  lie  cflvclivciicss  of  a  weajMin  in  |iioiltu  - 
iug damage,  without  teganl  to  theauuiacv  with  vvltith  it  van 
lie  (duicti. 

UtiitM.ios  A  (i.  Hmi'li  iHo-mototed  IhiiiiIh'i  ami  |Mtinl 
|>laiie  built  hy  \nkets. 

\V».s< it  Arsurbir.  A  tiihhct'.likc  voatiug  lot  mltuittg  tad. n 
evitoes.  Are  Jvt  vtvss  Arwikiuk. 

Uiiiim  v.  Hiitish  t vvti- iiiotot vst  homlici  and  (laltol  |d.tue. 

Wot.t  I* VCRs,  (iioiijw  ol  I'dMiats  o|ieraiiug  together  as  a  unit. 


matelv  3  cm. 


iiev|uemies  min  uaveteiigtli  a|t|ito\t- 


V.imv..  ltet|ucnt  voutso  di.uiges  to  make  .mack  hv  Mihmaiines 
mote  dillicult. 
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CONTRACT  XUMUERS,  CONTRACTORS,  AND  SCltJECI  OK  CON  TRAC  TS 


'  C  outran 

Xmnisrr 

.YrtWC  t>it< 

r  «»| 

Sultfat 

OKM>r-"() 

The  Ti“\ttcs  of  (xdumhia  l!ni\crMi\ 
in  the  C.uy  ol  New  York 

New  York,. New  York 

Studies  and  c\j>emuent:d  imiMt^atious  it*.  (nuuecio;; 
w»lh  .uni  for  the  development  of  equipment  and 
method;  |KTt, tilling  to  Mdmiaiim*  wailuie. 

OKMsr-ll'JS 

I  he  Tfii>lccN  of  Columbia  l*nivex\ity 
in  the  City  of  New  York 

New  Nnrk.  New  York 

Conduct  studies  and  e\pci internal  invest  i>;ai  ions  in 
connection  with  and  lot  the  development  ol  eipiip- 
mem  and  ikiciIkmK  involved  in  Mibmaiine  and  Mih- 
siufaie  iv.iifaie. 
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